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We have sought and succeeded in the preparation of 3,4-bis(tri-n-
butylstannyl)furan (47) which was accordingly used as a building block to 
synthesize various 3,4-disubstituted furans. 
The variety of chemical reactions a C-Sn bond is capable of renders 
great potential for 47. Via palladium-catalyzed Stille's coupling reaction with 
organohalides, compound 47 was transformed into a number of symmetrical 
3,4-disubstituted furans, whereas lithiation and subsequent quenching with 
electrophiles resulted in the substitution of only one of the stannyl groups. 
Sequential replacement of the second stannyl group was achieved when further 
coupling reaction was carried out, affording unsymmetrical 3,4-disubstituted 
furans. 3-Substituted furans were also obtained when Stille's direct coupling as 
well as carbonylative coupling was carried out on 3-(tri-n-butylstannyl)furan 
(48) which was a side product in the preparation of compound 47. 
The synthetic value of the above methodology is illustrated in its 
application to two model natural product syntheses. 
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CHAPTER 1. INTRODUCTION 
1.1 Background 
Furan nucleus (here limited to non-benzenoid type) abounds in naturally occurring 
oxygen-containing compounds. i They are divided according to their structure features into 
furanosesquiterpenes, furanocembranolides, furanoid fatty acid, etc. Many of the natural 
products have interesting biological activities, such as cytotoxic and antitumour 
properties,2.3 antispasmodic,4 antifeeding，5 and many other potentially useful activities. 
More natural furan-containing compounds continue to be found at a rapid pace.6 Selected 
examples of furan natural products with various substitution patterns are given below in 
Figure 1. 7-14 
Furan nucleus can also be found in a variety of commercially important 
pharmaceuticals, flavour and fragrance compounds.i For example, rosefuran is one of the 
trace but important constituents of rose oil, to which the essence owes its characteristic and 
powerful odour (Figure 1). 13 
Furthermore, fiirans have also been used extensively in inter- and intramolecular Diels-
Alder reactions and oxidation reactions to be converted to a variety of other cyclic and 
acyclic compounds. 
Because of their importance in many ways, furans have therefore been for a long 
1 
I 
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Figure 1 
2 
time object of synthetic chemists. 
In order to provide a background for further discussion of our own work, we shall 
briefly review the chemical properties and synthetic methods of furan. 
1.2 Reactions of Furans 
1.2.1 Electrophilic Substitution 
Furan ring is electron rich and thus is very reactive toward the usual electrophilic 
reagents. Electrophilic substitution of furan ring occurs preferentially at the 2-position 
because the intermediate resulted from the attack at this site is of lower energy due to 
greater resonance stabilization or greater delocalization of the positive charge than that at the 3-
position (Scheme 1). 
4 3 � 次 N^x 
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Since the rate of substitution at either position is dependent upon the energy 
difference between the ground state of reactants and the corresponding particular transition 
state , the process which passes through the more stable transition state will occur more 
rapidly. As can be seen in Figure 2, the transition state involved in a-substitution is 
stabilized to a greater extent than the one involved in p-substitution. 
H 
I 為 
Reaction Pathway • 
Figure 2 
In fact, the tendency for a-substitution is so overriding that electrophilic attack at C 
3/C-4 is negligible unless both C-2 and C-5 are blocked. 16 
Another characteristic of furan ring is that it can behave very much like an internal 
ether of a diene, which exhibits sensitivity to acids and resistance to bases in common with 
4 
all ethers. Furan shows additive reactions and 1,4 addition reactions that are regular diene 
reactions. In the following discussion of various electrophilic reactions, several reactions 
will illustrate its properties in this respect. 
Because of the unique nature of the furan ring, not all of the electrophilic reagents 
used in aromatic substitution are tolerable. For example, all attempts to alkylate furan with 
the Friedel-Crafts method have proved uniformly unsuccessful because the catalysts 
required for such reaction also catalyze rearrangement and polymerization of the furan 
nucleus. Friedel-Crafts acylation could be carried out since a milder Lewis acid such as 
BF3 is employed. 
The direct halogenation of furan is rarely used because the reaction is extremely 
vigorous and the liberated hydrogen halide also causes polymerization of the furan ring. 
Under very mild conditions, bromine adds to furan to form an 1,4-addition intermediate, 
which is solvolyzed rapidly by the reaction medium. 18 Furan is brominated by dioxane 
bromide at 0°C to give 2-bromofuran in good yield, though the exact mechanism is not 
known. 19 
The great acid sensitivity of furan precludes its direct sulfonation by sulfuric acid, 
but with pyridine-SOs, 2-furansulfonic acid can be obtained in good yield (Scheme 2)20 
r \ + pyridine-803 哪 职 ， 
Scheme 2 
5 
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Successful nitration is achieved with acetylnitrate. The reaction proceeds through a 
1,4-addition intermediate, which upon treatment of a weak base such as pyridine eliminates 
acetic acid and generates 2-nitrofuran (Scheme 3) 21 
m _ 
II \ CH3CO2-NO2+1 H ^ " ^ CsHSN^ ( \ 
O ^ [ C H a C d T ^ ^ N o J � N O , 
Scheme 3 
1.2.2 Nudeophilic Substitution 
Nucleophilic substitution of furan has received less attention than electrophilic 
substitution. 
It is known that 2-bromo- and 2-chlorofuran react with piperidine about 10 times 
faster than do the corresponding benzene derivatives 22 On the other hand, neither 2-
bromo or 2-iodofuran react with sodium methoxide at 100°C.23 
As in the benzene series, the introduction of powerful electron-withdrawing 
groups, such as a nitro group, greatly facilitates nucleophilic substitution. The most useful 
activating group is a carboxyl or a carboalkoxyl function because of the ease with which it 
can be removed 24 
Metalation and halogen-metal exchange reactions may be considered as nucleophilic 
substitutions on hydrogen and halogen, respectively, and therefore will be discussed here. 
Furan is metalated at the a-position in high yield when treated with n-butyllithium.22 2,5-
Dilithiation of furan can be achieved efficiently with rt-butyllithium/TMEDA in refluxing 
6 
hexane, as indicated by the isolation (90%) of dimethyl furan-2,5-dicarboxylate after 
carboxylation and esterification.25 
The high selectivity for a-attack is evidenced by the fact that 2-substituted furans 
are metalated exclusively in the 5-position. When both a-positions carry substituents, 
metalation of p-position may or may not occur, depending on the nature of the substituent. 
Bromo- and iodo-substituted furans undergo “ipso” halogen-metal exchange with n-
butyllithium and give rise to the corresponding furyllithium species in high yidds.26 
Considerable regioselectivity is possible with the lithiation process, especially with 
the milder reagent lithium diisopropylamide. In contrast to butyllithium, which simply 
converts 3-bromofuran into 3-furyllithium, lithium diisopropylamide removes the 2-proton 
adjacent to the 3-bromine 27 Butyllithium removes a-bromine in preference to p-bromine 
although p-bromine can still be removed subsequently. 
This heteroatom-facilitated orientation is also true for furans with oxygen- or sulfur-
containing substituents at a 3-position .28 The usefulness of the directed lithiation is 
reflected in the following synthetic scheme for the preparation of a precursor to manoalide 
and seco-manoalide (Scheme 4).29 The oxygen atom of the hydroxymethyl group on C-3 
directed the second lithium to C-2. Reaction with phenyldisulfide gave 2-phenylthio-3-
(hydroxymethyl)furan (1). A second dilithiation was carried out on compound 1，this time 
the second lithium went to C-5, showing the powerful orientation effect of the furan 
oxygen atom which directs the lithiation to a-position over the ortho-directing effect of the 
hydroxy group which should lead to p-attack. 
7 
厂OH 厂OH 厂OH 
/ r ~ \ 1) 2 n-BuLi l)2”-BuLi ^ j j ~ ^ 
1 
Scheme 4 
In recent years, lithiated furans have become increasingly important in the synthesis 
of substituted furan products because they can be formed selectively and react selectively. 3-
Furyllithium is now used routinely for the preparation of many naturally occurring 3-alkyl 
or 3-acylfurans. For example, pyrangensolide and fraxinellone were obtained using this 
strategy.30 
Few furan 3-carbanions are stable except at low temperatures. Ring opening is 
common with heavily substituted furan anion.3i It has been reported that 3-lithiofuran 
rearranges to 2-lithiofuran at temperatures above -40°C.32 
Another new advance in the regiospecific formation of lithiofuran is the use of tin-
lithium exchange reaction, reported by Fleming and Taddei in 1985.33 3-Lithiofuran, 
generated from the reaction of 3-(tri-n-butylstannyl)furan with 1 equivalent of n-
butyllithium, afforded high yield of 3-furoic acid upon quenching with excess CO2 
(Scheme 5). 
Sn"Bii3 l i COOH 
Scheme 5 
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1.2.3 Addition Reaction 
Furan and its derivatives behave as typical dienes in the Diels-Alder reaction and 
much work has been done on their reactivities as well as the stereochemistry of the diene 
adduc t s . i a， i5c，34 They find wide application as important building blocks for the 
construction of polycyclic f r a m e w o r k . 15c For instance, furan has been employed in a Diels-
Alder reaction to construct the theoretically interesting dibenzo[2,2]paracyclophane (4) 
(Scheme 6). Thus, base-induced formation of acetylene 2 followed by [4+2] cycloaddition 
led to adduct 3, which was deoxygenated by low-valent titanium species generated in situ 




1.2.4 Oxidation Reaction 
The oxidation of a furan ring can be effected with a variety of reagents and can 
transform furans into different types of cyclic and acyclic products.15 It has been used to 
9 
express the innate masked 1,4-dicarbonyl moiety in the furan frameworks. Thus, furan 
ester 5 was converted to 6 by oxidation with bromine, which after several manipulations, 
gave ultimately (±)-HETE (Scheme 7),36 
i r \ A f Br2,CH30H ^ CH 




Numerous syntheses of butenolides have been developed via oxidation of the furan 
nucleus. For example, A3-butenolides were realized from 5-alkyl-2-(trimethylsilyl)fiiran by 
the action of buffered peracetic acid.37 In a similar way, A 2-butenolides are formed from 3-
or 4-substituted 2-(trimethylsilyl)furans (Scheme 8).38 
j r \ CH3C03H ^ j r \ 
R � 八 Si(CH3)3 ™ R � 八 O 
Scheme 8 
A new variant for butenolide formation employed the hydrolysis of a 2-
phenylthiofuran. Mercuric ion induced hydrolysis at ambient temperature minimized double-
bond isomerization affording 2A-butenolide in 60% yield after one w e e k39 
10 
1.3 Review of Synthetic Methods for the Syntheses of Polysubstituted 
Furans 
There is a resurgence in literature of new methodologies of furan synthesis in the 
last decade due to the rapid development of organic chemistry, especially organometallic 
chemistry. As a result of these activities, many new possibilities for furan synthesis have 
been provided. To focus on the new synthetic methods, some old and not so frequently 
used methods are not discussed here since they have been reviewed else where.I,i5a’i5b 
1.3.1 From 1,4-Dicarbonyl Compounds 
Cyclization of 1,4-dicarbonyl compounds under acid catalysis to form furan is a 
classical method known as the Paal-Knorr synthesis which usually proceeds in good 
yields. The process may involve the addition of the enol oxygen of one of the carbonyl 
groups to the other carbonyl group (Scheme 9). The only limitation of this synthesis is the 
availability of the starting 1,4-dicarbonyl compounds. 
r2 r i r R 口 1 R ^ R i . 
R2 R1 
Scheme 9 
A recent remedy for the inaccessibility of 1,4-diketones is shown in Scheme 10.40 
Silylation of allylic phenyl sulfide 7 followed by aluminum chloride-catalyzed acylation 
11 
with acid chloride was carried out to give y-acylated vinylic sulfide 8 with complete 
regioselectivity. a-Phenylthiofuran 9 was formed when compound 8 was treated with 
acid. Desulphurization of compound 9 using Raney-nickel gave readily a 2,3,4-
trisubstituted furan. 
P h S V Si(CH3)3 
(CH3)3SiCl P h S ~ ^ CH3(CH3)mCOCl ^ 
kCH2)J 7 
O PhS O 
) CH — 4 ^ ^ \ (。均)mLh3 benzene 广 S. 
VCH2)i W 2 V 
8 9 
Raney-Ni, C2H5OH U j j 
( c h J 
Scheme 10 
There are numerous alternative substitutes for the otherwise inaccessible 1,4-
diones, for example, hydroxyketones ,41 o x i r a n e s ,42 alky ny Ike tones，43 have all been used. 
1.3.2 From a-Haloketones 
Base-catalyzed condensation of p-dicarbonyl compounds with a-halocarbonyl 
compounds, also known as the Feist-Benary synthesis, give furans with a p-acyl group. 
The reaction probably proceeds through an aldol condensation, and is followed by an 
intramolecular displacement of the halide ion to give an intermediate p—hydroxy 
12 
dihydrofuran, which eventually aromatized through dehydration (Scheme 11). 
CH3COCH2CO2C2H5 � 平？H -
+ y ^ X rx ^ 
CICH2COCH3 \ ^ 
• _ 
C2H5O2C 尸 H^h C2H5O2C 严 
Scheme 11 
Padwa44 has devised an interesting substitute for p-haloketones. Thus, DIP, [2,3-
diiodo(phenylsulfonyl)- 1-propene], or DBP, [2,3-dibromo-l-(phenylsulfonyl)- 1-propene], 
二'DIP CH3OOC 尸 2S02Ph 
solvent ^ V — / 
o o c u i ^ c r 
DBP or DIP C H O O C 





smoothly reacted with p-dicarbonyl compounds to give either 2,3,5-trisubstituted or 2,3,4 
-trisubstituted furans, depending on whether the solvent used is of nonpolar or polar nature 
(Scheme 12). 
Another new reagent for Feist-Benary condensations, namely 1,2-dibromoethyl 
acetate (10), cyclized readily with p-ketoesters to form dihydrofuran acetates 11 in high 
yields, which were quantitatively transformed into 2,3-disubstituted furans (Scheme 13) 45 
Et02Cl 0R2 
尸 2Et A c q base • 
T i + B r h r T ^ h 
CORI B 
10 
E t 0 2 ( ^ J ^OAc 
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1.3.3 From Hetero Diels-Alder and Retro-Diels-Alder Reactions46 
Inter- or intra-molecular Diels-Alder reaction of substituted oxazoles and acetylenes 
first form bicyclic adducts 12，which upon prolonged thermolysis collapse through 
expulsion of R^CN to give polysubstituuted furans (Scheme 14). Yields are usually high if 
the substituents are not bulky. However, this method suffers from two major drawbacks, 
one being the interference of other C=C or C=C bonds in the starting acetylenes, the other 
being the difficulty in the preparation of acetylenes with considerably elaborate functional 
groups. 
— r2 一 
R2 R4 3 1 p4 
v < o + A yhr 






1.3.4 From Alkynes 
15 
1.3.4.1 Via Radical Cyclization 
The development of radical cyclizations with predictable regio- and stereo-
selectivity provides a powerful tool for carbon-carbon bond formation. A preparation of 2,3,5-
trisubstituted furans using this strategy was discovered by Srikrishna ( Scheme 15) 47 
” C6Hi3 ” C6HI3 
II Br 
II + 丄 腦 _ / 
C6H5 入 OH C , H 3 - ^ 0 ^ 0 C H 3 
"C6H13CH "C7H15 
n-Bu3SnCl ^ 7 \ /7-TSOH J j ~ ^ 
NaCNBH3.AIBN ^ “ 
CH3 
Scheme 15 
1.3.4.2 Via Insertion of Isocyanides 48 
A variety of 2,3,4-trisubstituted furans were prepared by treatment of tantalum-
alkyne complexes 13 with aldehydes followed by addition of an isocyanide. With 
unsymmetrically disubstituted acetylenes, the products were a mixture of two regioisomers. 
The regioselectivity was low unless one of the substituents on the acetylene is very bulky, 
e.g. t -BuMeiSi (Scheme 16). 
16 
_ r1 r2 -
Rl = R2 TaCl5’Zn _ \ / 
- TaLn -
13 
R1 R2 R1 R2 
J J R 力 十 队 
Scheme 16 
1.3.4.3 Via Addition of Carbenoids 
Furan synthesis via addition of rhodium (Il)-stabilized carbenoids to acetylenes was 
first reported by Davies (Scheme 17).49 The reaction is believed to proceed through an 
ionic intermediate 14. In this reaction, two electron-withdrawing groups are introduced, 
and the Ar group should be electron-donating in order to keep the reaction in favour of the 
ionic pathway to form furans. Otherwise, cyclopropenes would be the major products. 
1 C H 3 C c / \ h L n COCH3 \ 0 C H 3 
14 
Scheme 17 
A similar reaction has been studied by Padwa (Scheme 18),50 who found that the 
17 
cyclopropenes 15 were catalyzed by rhodium to form furans, giving different regio 
isomers according to the valence state of the rhodium catalyst. 
H = ” QH9 
「丨 
i s 
丨-丨 Rh2(OAc)4 Z 
y [ClRh(CO)2]2 
CH3 /C4H9 CH^ W H 
Scheme 18 
P a d w a 5 i has also developed a synthesis of furans utilizing an intramolecular 
tandem addition of a carbenoid to C=C bond, followed by interception of the newly 
generated carbenoid centre by the adjacent carbonyl group (Scheme 19). 
ft � / h 1 R 2 � O 
II I R 2 _ ^ � r 1 
• mm 
Scheme 19 1 
18 
.3.4.4 Via Palladium-Catalyzed Addition-Cyclization Reactions 
Palladium-catalyzed cross-carbpnylation of aryl iodides and 1 -aryl-2-alkynyl-1 -
ones gave smoothly 2-alkyl-3-aroyl-5-arylfurans in moderate to good y i e l d s .52 The 
palladium species ArCOPdX generate^ in situ added to the alkyne to form an alkenyl 
‘ 丨 丨 ： . 
• i ： ‘丨；丨：； 
palladium complex 16 which isomeri;^ed to a ic-allyl complex 1. Subsequent steps 
involved elimination of hydridoiodopalladium accompanied by ring-closure via an oxalyl 
species 18 to afford the furans (Scheme 20). 
CO/PdCl2(PPh3)2 [ Y 平 
Arl 广 tt �rr^ ^ ArCOPdl • � „ • PdT 
C6 聯 3 P d K ^ S ^ H 
AT + R 
� = � R A i ^ O A i ^ O 
^ 16 17 
Af .O COAr … A 
T p d i f u ^ i 
八 a t 八 
18 
Scheme 20 
1.3.5 From Allenes 
Since allenes and alkynes are often easily interconvertible, several of the alkyne-
based synthesis may well proceed through allenic intermediates. However, there are also 
19 ‘ 
syntheses that are based specifically on allene chemistry. 
1.3.5.1 Via Allenic Sulfonium Salts 
Synthesis of furan using allenic sulfonium salt was first reported in 1973.53a its 
main features are outlined in Scheme 21. Prop-2-ynyl sulfonium salt easily underwent 
prototropic rearrangement and the allene formed was susceptible to nucleophilic addition by 
the enolate anions of 1,3-dicarbonyl compounds. The intermediate 19 then cyclized via O-
alkylation to give compound 20 which isomerized under acid conditions to afford the furan 
product. The latest applications of this method was by Paquette53b in the preparation of 4-
methyl-2-[(phenylmethoxy)methyl]furan, a precursor to the heavily functionalized 
furanoheliangolide. 
^ 务COCH3 
H S C ^ ^ v ^ C H S q X T 
f X CH3 
tt ti 19 





1.3.5.2 Via Rhodium- or Silver-Catalyzed Cyclization 
Marsha l l54 discovered that rhodium or silver catalyzed the cyclization of a-allenic 
ketones to give high yields of 2,3,5-trisubstituted furans (Scheme 22). 
"C7H15 ” C7H�5 
Rh+ or Ag+ V ^ 
C H 3 ~ { o 、CH3 CH3CN’ 90。C ‘ C H 3 乂 入 H 3 
Scheme 22 
1.3.5.3 Via Addition of Acylium Ions to Allenylsilanes 
A general strategy for the synthesis of five-membered heteroaromatic compounds 
including furans has been developed which involved the reaction of allenylsilanes with 
electrophilic species. The preparation of furan was simply achieved by adding 
allenylsilanes to acylium ions generated from the reaction of acid chlorides with aluminum 
chloride (Scheme 2 3 ) . 5 5 
R3SI f j t i s 
\ X H 
Scheme 12 
21 
1.3.5.4 Via Allenic Palladium Intermediates 
A new furan synthesis via the palladium-catalyzed reaction of 2-alkynylcarbonates 
21 with p-ketoesters was reported by Tsuj i .56 Scheme 24 outlines the reaction and the 
possible mechanism. An allenic palladium species 22 was likely formed by an oxidative 
addition and subsequent decarboxylation of the 2-alkynylcarbonate with the palladium 
catalysts. The methoxide ion formed then abstracted a proton from the p-ketoesters to 
form an enolate anion which added to the allenic palladium complex 22 to form a a-allyl 
palladium complex 23 which isomerized to a 7c-allyl palladium complex 24. The enolate 
then attacked intramolecularly the allyl carbon with the larger substituent in order to avoid 
the steric congestion on the other end of the molecule to form a methylene furan 25 which 
eventually isomerized to furan under acidic conditions. 
OC02R3 � 。 （Ri 
^ ^ R2 + -C02 ‘ j i X ^ 
R l Z -R3OH 
21 
‘ i f 




24 Pdn^n \ 22 
f y ^A^C02CH3 V, A 
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Scheme 24 
1.3.6 From Pyrylium Salt 
The hydrogen peroxide oxidation of 2,4,6-trialkylpyrylium salts 2 6 is an 
established method for the preparation of 2-acy l-3,5-d ia lky l furans .57a The possible 
reaction pathway depicted in Scheme 25 presumes the formation of an unstable a-peroxide 
which in the acidic medium led to the oxocation 27 in equilibrium with its open ring isomer 
28. Cyclization of 28 to the tertiary carbocation 29 and expulsion of an a-proton led to 2-
acylfurans. The yields were usually moderate, but a recent mod i f i ca t i on57b of this reaction 
in buffer solutions (pH=3-4.5) increased the yields to 75%. 
23 
R1 R1 R^  
r ^ ^ ^ H2O2 H+ r " ^ ^ M � r I yOOH /)+ 
- H X / -H2O / 






1.3.7 From Miscellaneous Sources 
Synthesis of furan by making the C-3/C-4 bond in the ring-forming step is rare. 
But one such method works successfully for the synthesis of 2,3- and 3-substituted-4-
tosylfurans (Scheme 26). 
T s � Ri O , T s 
Y ^ I ^ P 1) L D A ’ -70。C’ T I ~ I 
R 2 人 � - K — r 2 人 J ^ ’ 入 , 
30 31 32 Scheme 26 
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Thus, a-hromoketDnes 30 reacted with the potassium salt 31 to afford 2-[£'-2-(p-tDsyl)ethenybxy]-
ketones 32, which on treatment with LDA, then with p- TsOH, gave good yields of furan 
compounds.58 
1.4 Review of Synthetic Methods for the Synthesis of 3,4-Disubstituted 
Furans 
Notwithstanding the fact that there are numerous syntheses of furan compounds, 
only a few are suitable for the preparation of 3,4-disubstituted furans. It has been well 
established that furans undergo both metalation and electrophilic reactions at carbon-2 and / 
or carbon-5 (see Section 1.2.1 and 1.2.2). Moreover, many reactions which make use of 
acyclic precursors, such as the Paal-Knorr and the Feist-Benary synthesis, give only 2-, 
and/or 5-substituted furans in acceptable yields and are not suitable for the preparation of 3,4-
disubstituted furans. 
Including some preparations which have been discussed in Section 1.3, there are 
several successful approaches for the realization of 3,4-disubstituted furans. Their scope 
and limitations are discussed below. 
1.4.1 From Functionalization of Furan Rings 
1.4.1.1 Modification of Diethyl 3,4-Furandicarboxylate 
Commercially available 3,4-diethyl furandicarboxylate has often been used 
for the preparation of 3,4-disubstituted furans.59.6o.6i Because o f the pre-existing ester 
groups, derivatizations invariably require multistep manipulations. Many substitution 
patterns are impossible or difficult to achieve by this method. With 3,4-furandicarboxylate, 
selective transformation of only one of the ester groups is not trivial, as can be 
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demonstrated in Scheme 27，which outlines the use of diethyl 3,4-furandicarboxylate in the 
total synthesis of a natural product (205')-camptothecin 6i 
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1.4.1.2 Modification of 3-(Hydroxymethyl)furan 62 
Scheme 28 presents an efficient preparation of 3,4-disubstituted furans, which was 
achieved via a regiospecific C-4 lithiation of 2-(fgrf-butyldimethylsilyl)-3-
(hydroxymethyl)furan (33). Compound 33，in turn, was obtained from 3-itert-
butyldimethylsiloxymethyl)furan via an unprecedented 1,4-migration of the silyl group 
from an oxygen atom to a carbon atom upon treatment with w-BuLi. The electron-donating 
capacity of the silyl group was so great that the acidity of the proton on C-5 was greatly 
diminished to the extent that the second lithiation occurred at C-4 instead of C-5. This was 
a rare example where heteroatom-mediated <9rr/K9-lithiation dominates over the strong a-
orientation effect of the furan oxygen (see Section 1.2.2). Quenching of the dianion with n-
BusSnCl followed by removal of the silyl group afforded 3-(hydroxymethyl)-4-(tri-w-
butylstannyl)furan in good yield. The stannyl group could be replaced by other 
substitutions, e.g. phenyl, via Stille's coupling reactions. 
/ PH2OH 
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1.4.1.3 From Boroxines Derived from 3,4-Bis(trimethylsilyl)furan 
3,4-Bis(trimethylsilyl)furan underwent regiospecific reaction with boron trichloride 
to give in quantitative yield tris[(4-trimethylsilyl)furan-3-yl]boroxine (34) which was 
capable of undergoing Suzuki-type coupling reactions with organohalides to give 
monosubstituted silylfuran 35. The remaining silyl group was converted in a similar 
manner with boron trichloride to yield another boroxine 36, which coupled with a second 
organohalide to give 3,4-disubstituted furan (Scheme 29).63 
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1.4.2 From Ylides64 
Thioenolethers 37 were prepared from the a-formylation of ketones followed by 
acid catalyzed thioenolization. Reaction of 37 with dimethylsulfonium methylide 
converted it into oxiranes 38，which smoothly rearranged to dihydrofurans 39. 
Subsequent hydrolysis of compound 39 in the presence of mercuric (11) salt afforded 3,4-
disubstituted furans (Scheme 30). 
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1.4.3 From 2-Butyne-l,4-diol 
Reich65 has developed an efficient route to 3-substituted-4-methylfuran starting 
from 2-butyne-l,4-diol (Scheme 31). A p-allenic alkoxide 41 was resulted from the 
reaction of two equivalents of alkyllithium with monoprotected 2-butyne-l,4-diol 40. 
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Addition of iodine induced the cyclization. Acid catalyzed dehydration gave 3-iodo-4-
methylfuran (42). Compound 41 could be transformed into other 3-substituted-4-
methylfurans. For example, lithiation of 41 followed by reacting with DMF yielded 3-fomiyl-
4-methylfuran. 
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1.4.4 Hetero Diels-Alder and Retro-Diels-AIder Reactions 
This method has been mentioned in the preparation of polysubstituted furans 
(Section 1.3.3)，and is by far the most efficient and most popular method for the 
preparation of 3,4-disubstituted furans. 4-Phenyloxazole is often employed because it is 
relatively more stable than other 4-substituted oxazoles. In addition, 4-phenyloxazole can 
be conveniently prepared. Its side product benzonitrile is high boiling and is thus less 
dangerous than the volatile acetonitrile which is generated from 4-methyloxazole. This is 
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important because the Diels-Alder reactions are usually carried out in sealed-tubes or 
autoclaves. 
1.4.5 From Sulfolene 
In another example,66 furan-annelated 3-sulfolene 45 was used as a 3,4-dimethylene-
furan synthon en route to fused furan polycyclic systems. But the technical difficulty 
involved in the preparation of its precursor, namely 3,4-dimethylsulpholene (44) via 
reaction of 2,3-climethylbutene (43) with SO2 in an autoclave makes this approach less 
feasible experimentally (Scheme 32). 
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Scheme 32 
In summary, all these preparations of 3,4-disubstituted furans, except those shown 
in Scheme 28 and 29, involve multi-step procedures and they all have starting material 
problems. Some of them are targeted for a specific furan substitution pattern and are 
therefore very much limited in their applications. In light of this, concise and general 
methods remain to be discovered. Given their importance and the challenge in their 
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preparation, 3,4-disubstituted furans are thus very remarkable synthetic objects well 
worthy of study. 
1.5 Aim of the Present Work 
In a continuation of studies in the Diels-Alder reaction between furans and strained 
alkynes，67 we were interested in synthesizing a 3,4-disubstituted furan 46 in which both 
the C-3 and C-4 substituents can be modified and manipulated for later application. The Y 
groups should be easily replaced by other groups, preferably stepwise, and should possess 
strong directing effect so that /p^o-substitution may occur (Scheme 33). Previous 
achievement in this g r o u p ^ s has shown that it is possible to synthesize 3,4-
bis(trimethylsilyl)furan as well as 2-methyl-3,4-bis(trimethylsilyl)furan, and whose 
properties have been studied. The acylation reaction turned out to occur at C-2 or C-5 
instead of at ipso- positions.68 
Y Y Y R^ R2 R1 
46 
Scheme 33 
Organostannanes (organotin compounds) are well known for their palladium-
catalyzed cross-coupling reactions which were developed in the 80，s by Stille,69 in which 
new C-C bond can be formed. The reactions of organostannanes with alkyllithium, 
halogen, etc., have been known for a long time and used frequently in synthesis. 
A comparison with the silicon counterpart (Table 1)70 shows that the C-Sn bond is 
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much longer and weaker than C-Si bond, and is also much more polarizable due to the size 
of the tin atom. 
Table 1. Comparison of some atomic properties of carbon, silicon and tin 
C—C C—Si C—Sn 
D.E. (kcal/mol) 87 70 50 
Bond length (A) 1-54 1.94 2.17 
Elements C Si Sn 
Electronegativity 2.50 1.74 1.72 
Such properties combine to promote reactivities and hence stronger ipso-
substitutions tendency. In view that tri-n-butylstannanes are stable towards air and 
moisture while trimethylstannanes are not, we decided to use tri-«-butylstannyl group as Y 
and have designed 3,4-bis(tri-n-butylstannyl)furan (47) as the building block for further 




CHAPTER 2. RESULTS AND DISCUSSION 
2.1 Synthesis of 3,4-Bis(tri-w-butylstannyl)furan (47) and 3-(tri-/i-butyl 
stannyl)furan (48) from 4-PhenyloxazoIe and Bis(tri-/i-butylstannyl) 
acetylene. 
3,4-Bis(tri-n-butylstannyl)furan (47) was synthesized utilizing the Diels-Alder/retro-
Diels-Alder reaction sequence (Scheme 33), a strategy used in the synthesis of 3,4-
bis(trimethylsilyl)furan.68 A mixture of bis(tri-rt-butylstannyl)acetylene (49)7i and 4-
phenyloxazole (50)72 was heated in a sealed tube placed in an oil bath at 185°C to afford 
3,4-bis(tri-Ai-butylstannyl)furan (4 7) in 20% yield along with 10-20% yield of 3-
(tri-«-butylstannyl)furan (48) possibly resulted from thermal decomposition of compound 47. 
«Bu3Sn Sn'^ Bus yV W 
+ Q sealed tube jj U 
4-10 days (J 2 0 % 
Sn”Bu3 47 
49 50 + 
Sn"Bu3 fi 
10-20% 48 Scheme 12 
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Higher reaction temperatures resulted in extensive decomposition, while at lower temperature 
the reaction was much slower. One of the major reason for the low yield is that the tri-n-
butylstannyl group is much larger than a trimethylsilyl group, thus resulting in greater steric 
congestion in the addition product. As a result, higher energy is required for the cycloaddition. 
However, the weakness of the C-Sn bond, on the other hand, prohibits the use of high reaction 
temperature. A compromise between these two contradicting factors therefore results in a 
lower yield of 47 as well as the generation of 48. 
‘ This cycloaddition reaction may be considered a Dids-Alder reaction with inverse 
electronic demands, with the electron-rich dienophile being bis(tri- «-butylstannyl)acetylene 
(49) and the electron-deficient diene being 4-phenyloxazole (50). Though several similar 
cycloaddition reactions of bis(triniethylstannyl)acetylene with electron-deficient dienes were 
reported to proceed smoothly, giving high yields of products (Scheme 34),73,74 the yield of 
this reaction could not be improved despite a large amount of experimentation. It is worthy to 
note that the low reactivity of 4-phenyloxazole (50) may also be partially responsible. 
Ph Ph 
/ §n(CH3)3 
/ — o + • + CO 
P H Z ^ 90-99% P H ^ ^ Y ^ \ S N ( C H 3 ) 3 
Ph Sn(CH3)3 
Ph 
§n(CH3)3 w r ^ H � 
I + • + cOo 





However, the customary tactics of using Lewis acids75 to make the diene more 
electron-deficient and thus more reactive cannot be applied in these reactions because 
destannylation occurs rapidly in the presence of Lewis acids. 
All efforts to recover the unreacted bis(tri-Ai-butylstannyl)acetylene (49) from the 
reaction mixture by either chromatographic methods or distillation were met with failure. On 
silica gel columns, severe destannylation of the starting acetylene as well as the products 
occurred, whereas the low resolution of neutral aluminum oxide columns could not separate the 
acetylene from the products. Distillations required high bath temperature at or above 200°C 
even under high vacuum of O.OlmmHg (b.p. 156°C/0.01mmHg, l i t .7 ib 158-159°C 
/O.OSmmHg), and thus could not be used because this would lead to thermal decomposition of 
the stannyl compounds. Given the above difficulties and the prospect of its messing up with 
the reaction products purity, bis(tri-AZ-butylstannyl)acetylene (49) was eventually destroyed by 
absorbing on activated AI2O3 for thin layer chromatography. 
Nevertheless, 3-(tri-n-butylstannyl)furan (48) was able to be separated from compound 
(47) by vaccum distillation, b.p. 80°C/0.01 mmHg (lit.33 109-1 ll�C/0.6 mmHg), leaving the 
latter as a high boiling residue which was further purified by filtering through a short column 
of neutral aluminum oxide to remove the colored impurities. 
2.2 Stille-type Palladium-catalyzed Cross-Coupling Reactions With Various 
Organic Halides 
The transition metal catalyzed cross coupling reaction of organometallic reagents with 
organic halides and related electrophiles is one of the most straightforward method of creating a 
C-C bond, as can be seen in the equation b d ow . 76 
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R M + R«X [transiuon metal] ^ + ^ X 
M = Li, Mg, Zn, Hg, B, Al, Zr, Sn 
transition metal = Group VHI metals 
In order for the coupling reaction to be useful, it should be highly catalytic, and the 
reaction conditions and the reagents, including the organometallic partner, should tolerate 
functional groups so that tedious protection-deprotection reactions of the functional groups are 
not necessary. 
Various organometallic reagents, RM, have been utilized in coupling reactions. High 
conversions often are not obtained with lithium or Grignard r e a g e n t s , 76b because neither of 
which can tolerate a wide variety of functionality on either coupling partner, and homo-
coupling of the organic halides are often observed. The copper-promoted coupling of various 
vinyl or aryl groups is more successful, but it also often results in extensive homo-coupling. 
In addition, the methods for the synthesis of copper reagents do not always allow the presence 
of a more reactive functionality on the organocopper r e a g e n t 77 
The use of intermediate electronegative metals generally leads to higher yields of 
coupled products with fewer side reactions. Many of these metals tolerate a wide range of 
functionality in either or both of the coupling partners. Organozinc compounds are particularly 
good in this regard, although the methods for their synthesis are limited to the extent that a 
wide variety of structures are not always available in the organic portion of the organozinc 
reagent.78 Organomercurials also tolerate many functionality, but the methods for their 
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synthesis are somewhat limited, and methods for the alkylation of organomercurials are limited 
to a few examples with o r g a n o h a l i d e s . 79 Other organometallic partners such as boron or 
aluminum often are not conveniently synthesized or the structure of the organic portion is 
limited by the methods of synthesis available, usually hydroboration or h y d r o a l u m i n a t i o n . 76,80 
Organozirconium reagents have the advantage that they will tolerate ether or acetal groups in the 
hydrozirconation reaction as well as carbonyl and ester functions in the vinyl halide par tner . 81 
The functionality on the zirconium reagent is limited, however, and a larger amount of catalyst 
is usually needed. 
One of the most versatile organometallic reagents is the organotin reagents. Palladium-
catalyzed cross coupling reaction of organotin compounds with organohalides is the most 
versatile and widely-used amongst all the cross coupling reactions catalyzed by transition-
metals as can be depicted in the equations be low.69 
r 岡 _ • RR' + R"3SnX 
R'sSnR + R'X -< 
_ _ — _ • RCOR’ + R"3SnX 
C O 
2.2.1 General Features of Stille's Reaction 
The reaction tolerates almost all the important functional groups on either coupling 
partner (except acid functional group with which destannylation occurs), is stereospecific and 
regiospecific, gives high yields of product. The reaction conditions are extremely mild because 
organostannanes are not particularly air and moisture sensitive. When the reaction is carried 
out in the presence of carbon monoxide, a CO insertion takes place, stitching the two coupling 
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partners together and generating a ketone. With all the aforementioned advantages, it is 
therefore an ideal tool for generating new C-C bonds in the synthesis of elaborate organic 
compounds. 
The tetraorganotin compound transfers the first group rapidly, but the second leaves 
about 100 times slower from RsSnCl.s^ So only one of the four groups on tin is actually 
transferable in the coupling reaction. Different groups react with different rate, which is a 
fortunate trait, for if the partner to be transferred is a difficultly synthesized or expensive 
group, then the utilization of only one at the expense of three such groups would be a great 
disadvantage as compared with other organometallic compounds. The priority sequence is 
shown below.82,83,84 The order of transfer has little to do with bond dissociation energies, 
but correlates with the polarity of the C-Sn bond and is consistent with the electrophilic 
cleavage sequence (shown below) of tetraalkyltins in polar so lvents .85 n-Butyl group has the 
lowest transfer aptitude, and thus organotin compounds usually appear as RSnnBus where R is 
the group to be transferred. 
Priority sequence of transfer from tin: 
PhC=C- > PrC=C- > PhCH=CH-, CH2=CH2-> PhCH!-, C H 3 O C H 2 - > C H 3 - > Bu-
Qrder of electrophilic cleavage: 
RC=C- > vinyl- > aryl- > benzyl- « allyl- > CH3COCH2- > alkyl- (Me- > Et- > wo-alkyl- >n-
alkyl- > perfluoroalkyl-
Table 2 summarizes a wide variety of organic electrophiles and organotin compounds 
that can be coupled either directly or in the presence of CO.69.78d,86 
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RXj^s^^^X (x=Cl, Br) 
R" R' 
ArCH2-X (X=C1, Br) R ^Y^SnR� 
R”’ 
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Many organohalides participate in the coupling reaction, but not those with a hydrogen 
on a sp3 carbon adjacent to the carbon bearing the leaving group. The reason is that the p-
hydrogen abstraction of the intermediate is much faster than a transmetallation reaction.. 
L L 








‘ ‘ 1 “ 
The catalytic cycle depicted in Scheme 35 serves as a general pathway for the direct 
coupling reaction.69 
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A more detailed mechanistic discussion of certain coupling reactions will be given in 
Section 2.2.5. As can be seen in Scheme 35, the organohalide oxidatively add to the active 
palladium species, which is generally considered to be the coordinatively unsaturated PdL2. 
PdL2 is generated either by thermal decomposition of PdLn or by the metathesis of PdLaX� 
with the organotin compound. Then the addition complex RPdXL: undergoes a 
transmetallation reaction with the organotin compound to form an intermediate RPdR'L2 in 
which the R and R’ groups assume trans configuration. After isomerization to the cis 
configuration, a reductive elimination reaction takes place to afford the cross coupling product 
while at the same time regenerating the active palladium species. 
The stereochemistry of the Stille's reaction has also been studied extensively. Z and E 
alkenyls on either tin or organohalide partners retain their configurations. Allyl halides do not 
give allylic rearrangement products while allyl groups on tin do give scrambled allylic 
products. 69 
2.2.2 Solvents and Catalysts 
Polar solvents are known to play an important role in heterolytic cleavage of C-Sn 
bonds.83.85 They render nucleophilic assistance by coordination to the tin atom and thereby 
increasing the polarity of the C-Sn bond. Such solvents form a certain “collision complex", as 
drawn in Scheme 36, whose carbon atoms are susceptible to attack by electrophiles, yielding 
an open transition state, the existence of which has been well established by Gielen and 
Nasielski.85 
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C ~ S n + S ， “ C丁 S n ^ S + 
P d ~ C I 
S = solvent 
• • 
r n 类 
P d ~ C I + C ~ S r f — S ^ ^ 
\ 6-L � 
Scheme 36 
The nucleophilicity of the solvents toward tin has been found as follows: 
HMPA > DMSO, DMF > P y > MeOH > EtOAc > Dioxane > MeCN » CCI4 
HMPA is the most polar organic solvent and is hence the most powerful solvent in 
Stille，s reactions. The reaction of benzoyl chloride with tetramethyltin in THF gave a 90.5% of 
product after 21 h, whereas a similar reaction using HMPA as solvent reaches completion after 
10 min.83 However, because of HMPA's carcinogenic properties, DMF is more often used 
instead. DMF is also a polar solvent and gives satisfactory results comparable with HMPA. 
THF is commonly used for those substrates that react easily and do not need solvent 
assistance. 
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The most often encountered catalysts are Pd(PPh3)4 and Pd(PPh3)2Cl2. Pd(PPh3)2Cl2 
is quite robust and stable towards air and is frequently used for couplings requiring long 
reaction time and temperature. The vulnerability of Pd(PPh3)4 toward light and air can be 
overcome by adding the catalyst to a solution of the organohalide and is converted to an air-
stable Pd(II) complexes before it has a chance to react with oxygen. 
Other catalysts include Pd(CH3CN)2Cl2，Pd2(dba)3，PhCH2Pd(PPh3)Cl2, 
(C3H5PdCl)2’ etc. Allylpalladium chloride dimer is the most active of all known palladium 
catalysts. This catalyst was used in some of the reactions, in which other less reactive catalysts 
cannot function. In contrast to Pd(PPh3)4 and Pd(PPh3)2Cl2 with which added ligand such as 
triphenylphosphine retards the reaction they c a t a l y z e , 82,83 Pd(CH3CN)2Cl2 and Pd2(dba)3 are 
called ligandless catalysts,87 which are unstable in solution and have to be stabilized either by 
coordinative solvent under inert atmosphere or by added ligand. Large rate acceleration was 
reported in the coupling of olefinic stannanes and organohalides if tri-2-furylphosphine or 
triphenylarsine was used together with Pd2(dba)3 as cata lyst .88 
Catalyst concentration is also very important, and has an optimal value for a coupling 
reaction. For example, the optimal value for the coupling of benzoyl chloride and 
tetramethyltin is 8x10-4 M.83 The efficiency of a catalyst will be decreased if too much or too 
little catalyst is used. The amount of catalyst is usually between 1 to 5 molar percent of the 
amount of organostannane or organohalide. 
The end of the reaction is often indicated by blackening of the reaction solution due to 
the precipitation of palladium. But it is not always true because some active catalysts 
decompose even before the reaction is complete, and in some reaction there is no blackening 
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even if the reaction has reached completion. 
2.2.3 Isolation and Purification of Products 
Despite claims that most of organostannanes withstand chromatography on silica gel, 6 9 
the organostannanes involved in this work are arylstannanes that are very acid-sensitive. 
Except a few cases with an electron-withdrawing group on furan, almost all of the stannaries 
destannylate on silica gel and have to be chromatographed on neutral alumina. Even 
chromatography on neutral alumina TLC plates causes destannylation possibly caused by 
adhesive chemicals. 
Another nuisance in the separation is the side product ”BusSnX from the coupling 
reaction. Vigorously stirring with half-saturated KF aqueous solution would result in the 
formation of an insoluble white precipitation ("BuaSnF), which can be filtered off. This 
method, however, could only remove part of the tin halide. If the product is nonpolar, 
chromatography will leave the tin halide on the column. Solid product could be washed with 
n-hexane to remove tin halide. As for polar liquid product, partition between w-hexane and 
acetonitrile could be carried out, but to completely remove the last trace, tetrabutylammonium 
floride in THF has to be used. 
2.2.4 Direct Coupling with Organic Halides 
With the aim to test the versatility of our newly synthesized 3,4-bis(tri-«-
butylstannyl)furan (47) as a building block for the synthesis of 3,4-disubstituted furans, the 
coupling reactions of 3,4-bis(tri-n-butylstannyl)furan (47) with various organohalides were 
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examined. Simultaneously, a parallel study of the coupling of 3-(tri- «-butylstannyl)furan (48) 
was also carried out. It was hoped that the two stannyl groups of compound 47 could be 
replaced stepwise with different substituents by Stille reaction. After monosubstitution, the 
remaining stannyl group may compete with compound 47 for organohalides. Up to now, 
Stille reactions of bisstannyl compounds have been rare and s p o r a d i c , 88a,89 and no selectivity 
has been reported in the literature. 
The organohalides used include acid chloride, arylhalide, vinylhalide, allylhalide and 
benzylhalide. Table 3 and Table 4 list the reaction conditions and yields of various 
organohalides with 3-(tri-«-butylstannyl)furan (48) and 3,4-bis(tri-/i-butylstannyl)furan (47)， 
respectively. 
2.2.4.1 Acid Chloride 
Organostannanes readily undergoes Pd-catalyzed reactions with acid chlorides. 69 This 
reaction provides a simple one step method for the preparation of ketones, which has several 
advantages over the traditional methods. It tolerates functional groups whereas the method 
using lithium derivatives does not 90a in addition, it is devoid of the over-addition problem 
which hinders the use of other organometallic reagents such as cadmium, zinc and 
magnesium.90a,90b 
The smooth reaction of benzoyl chloride with 3-stannylfuran to give 3-benzoylfuran 
(51a) catalyzed by Pd(PPh)2Cl2 in THF (Table 3，Entry 1) reconfirmed the report of Bailey.91 
Under the same conditions, 3,4-bis(tri-«-butylstannyl)furan (47) reacted with one equivalent 
of acid chlorides to give moderate to good yields of monoacylated products 56a-56c (Table 4， 
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O + RX O 
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Table 3. Palladium-catalyzed coupling reaction of 48 with electrophiles 
Entry Electrophile Catalysts W Product(Yield) 
1 PhCOCl 奪溫Cl2 gOJC 51a (80%) 
2 Phi Pd(PPh3)2Cl2 70�C 51b (75%) 
2 rni d M F 2 h 
3 P-CH3PhI 
4 PhBr 51b (80%) 
"Rr 
5 Pd(PPh3)4 60°C 51d (80%) ，Ph HMPA 23 h 
6 Br V o Pd(PPh3)4 70OC 51e (77%) 
y = f DMF 6h 
7 二 3 ) 4 r 寧） 
B/ ，J 3 I \ _ _ 54 Pd(PPh3)2Cl2 60°C 51d (71%) 
DMF 1 h 
Q 55 Pd(CH3CN)2Cl2 60°C 512(71%) 
Cul, DMF 24 h 各、乂 
10 Pd(CH3CN)2Cl2 60�c 51h (60%) 
^ ^ DMF 2 h 
COOEt 
47 
Table 4. Palladium-catalyzed coupling reaction of 47 with electrophiles 
Catalysts and . 
Entry Electrophiles solvents T/h Products Yields(%) 
"Bu3Sn COCH3 
1-5% ro t \—/ CO 
1 CH3COCI Pd(PPh3)2Cl2 二 i； f \ 56a 59 
THF “ 、0 
” Bu3Sn C0"C4H9 
1-5% f-COf^  \ _ / 
2 "C4H9COCI Pd(^)2Cl2 10 h 57 
,cr^ "BugSn COPh 
1-5% 议 p J \ _ I 
3 PhCOCl Pd(^)2Cl2 J ^ 82-95 
Ph Ph 
4 % .. op V - / rx 
4 PhBr Pd(PPh3)2Cl2 inh I \ 54 
H M P A or D M F 川 、〇 
4% /7-CH3COC6H4 C6H4COCH3-/7 
5 p-CHsCOQH^Br Pd(PPh3)2Cl2 f \ 56e 45 
H M P A or D M F 山 n 
将 � /7-NO2C6H. C6H4NO2-P 
6 p-N02C6H4Br ^ ^ f ^ hC l ^ ^ 外 f 85 
Ph Ph 
5% V — / 
7 Phi Pd(PPh3)2Cl2 24h I \ 12 
H M P A or D M F 、。, 
Ph Ph 
o phT 5% Pd(PPh3)4 65。C W 56d 12 
® rni H M P A or D M F 24 h (I } O 
Ph Ph 
5% \ _ / 
9 Phi Pd(PPh3)2Cl2 ？n h f x 56d 55 
10% Cul, D M F 川 n 、•乂 
10 P-CH3C6H4I Pd(PPh3)2Cl2 loh 56g 45 
10% Cul, D M F 、0 
59^  Ph Ph 
11 Phi [(C3H5)PdCl]2 fh。C F x S6d 65 
D M F zn 乂O 乂 
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"BusSn Sn"Bu3 PhCO COPh 
\ ~ / PhCOCl \ ~ / 
j ! \ Pd(PPh3)2Cl2 _ I I \ 
toluene O 
100。C,32h 
47 20% ” 
Scheme 37 
The remaining stannyl group can be replaced by other substituents with Stille's reaction 
to give unsymmetrical 3,4-disubstituted furans. For example, reaction of 3-benzoyl-4-(tri-n-
butylstannyl)furan (56c) with (£:)-p-bromostyrene catalyzed by allylpalladium chloride dimer 
in HMPA gave 3-benzoyl-4-[(£:)-styryl)]furan (58) in 82% yield, whereas heating with p-
nitrophenyl bromide in the presence of Pd(PPh3)4 in HMPA for 24 h provided 3-benzoyl-4-(p-
nitrophenyl)furan (59) in 82% yield (Scheme 39). Compound 56c was also deuterated to 
yield deuterated furan 60 (Scheme 39) 92 
COPh ” Bu3Sn COPh D . C O P h 
(£:)-bromostyrene ^"""A CF3CO2D ^ N ” U 
《 》 ^ [ ( C 3 H 5 ) P d C l ] 2 S V C H 2 C l 2 , r t , 4 0 m i n ^、〉 
O H M P A O 95% U 
58 60。C, 2 h 5 6 c 6 0 82% 
p-N02C6H4Br deuterium content: 
P(PPh3)4，HMPA 45% 
80°C, 23 h 
85% 





2.2.4.5 Benzylic Halide 
3-(Tri-Az-butylstannyl)furan (48) coupled smoothly both with aryl bromides and with 
aryl iodides catalyzed either by Pd(PPh3)4 or Pd(PPh3)202. which were used in Stille's work 
on the coupling of aryl bromides with v i n y l s t a n n a n e s ^ ^ c (Table 3, Entries 2-4). 3,4-Bis(tri-rt-
butylstannyl)furan (47) coupled with aryl bromides to give fair yields of bisarylated products 
using Pd(PPh3)4 as catalyst (Table 4, Entries 4-6). p-Nitrophenyl bromide gave the highest 
yield. While with aryl iodides, the situation was different. With palladium alone, conversion 
was very low. For example, only 10% of 3,4-phenylfuran (56d) was isolated from the 
reaction of phenyl iodide and compound 47 heated in HMPA after 24 h, either catalyzed by 
Pd(PPh3)4 or Pd(PPh3)2Cl2 (Table 4，Entries 7 and 8). The same problem had also been 
encountered by Liebeskind and Fengl in their effort to couple vinylic stannanes and vinyl 
i od ide s .93 The problem was solved by using Cul as a co-catalyst to PhCH2PdCl(PPh3)2 and 
as a result moderate to good yields of cross-coupled products were p r o d u c e d . 93 We found that 
the use of Pd(PPh3)2Cl2 and Cul under nitrogen was very effective (Table 4，Entries 9 and 
10). The active allylpalladium chloride dimer also catalyzed the reaction with good yield (Table 
4’ Entry 11). 
That the cross coupling occurs in an /p^ ^?-fashion is best seen from the chemical shifts 
of the protons on the product furans. The chemical shifts of 2-H, 5-H on furan are invariably 
greater than 8 7.00, while the chemical shifts of 3-H and 4-H are between 5 6.00-7.00.94 The 
absence of any peaks at 5 6.00-7.00 ppm shows that the products are indeed 3,4-disubstituted. 
To further prove this, an X-ray analysis was performed for 3,4-bis(/7-nitrophenyl)furan (56f). 




































2.2.4.5 Benzylic Halide 
In addition to Pd(CH3CN)2Cl2 which was used by Stille to couple vinyl halides with 
vinylic and acetylenic stannanes，95 the cross coupling of 3-(tri- Ai-butylstannyl)furan (48) and 
vinyl bromides as well as vinyl iodides was also catalyzed by Pd(PPh3)2Cl2 and Pd(PPh3)4 
(Table 3，Entries 5-9). But the above catalysts all failed when 3,4-bis(tri-M-butylstannyl)furan 
(47) was the partner, and starting materials were recovered unreacted. After many 
combinations of catalysts and solvent systems as well as new catalysts were tried, 
allylpalladium chloride dimer was found to be the reagent of choice and tandem cross coupling 
reaction proceeded with good yields (Table 4，Entries 12 and 13). Even with this active 
catalyst, the reaction between compound 47 and vinyl iodide, for example, (£)-p-iodostyrene 
(54) gave 56h in low yield (Table 4，Entry 14). In all these reactions, the geometry of the 
starting vinyl halides was carried over to the products with complete stereospecificity. For 
example, the reaction of (£)-p-iodostyrene (54) (/ = 15.0 Hz) with 47 and 48 gave the 
corresponding product Sid (/ = 16.2 Hz) and 56h (/ = 16.3 Hz) without any detectable 
amount of isomerization products (Table 3，Entry 8，Table 4，Entry 14). 
2.2.4.4 Allylic Bromide 
Both 3-(tri-n-butylstannyl)furan (48) and 3,4-bis(tri-n-butylstannyl)furan (47) reacted 
with an allylic bromide, i.e., ethyl (£>4-bromocrotonate without difficulty to give the 
corresponding coupling and biscoupling products, 51h and 56j under similar reaction 
conditions as those reported for the reaction of allylic halides and vinylstannanes (Table 3， 
Entry 10; Table 4, Entry 15).96 The catalyst was Pd(CH3CN)2Cl2, stabilized either by 
addition of triphenylphosphine or under nitrogen atmosphere. 
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2.2.4.5 Benzylic Halide 
With Pd(PPh3)4，3,4-bis(tri-n-butylstannyl)furan (47) coupled smoothly with benzyl 
bromide as well as benzyl choride to give 3,4-dibenzylfuran (50k) (Table 4，Entries 16 and 
17). Benzyl chloride required higher reaction temperature because the oxidative addition step 
requires the breaking of C-X bond in an SN2-type reaction with the palladium catalyst, and 
chloride ion is a much poorer leaving group than bromide. Benzyl chloride also gave higher 
yield probably because benzyl chloride is much more stable than benzyl bromide towards heat 
and moisture. 
2.2.5 Mechanistic Aspects 
Since this Thesis deals primarily with synthetic applications of Stille's reactions, only a 
brief discussion of its mechanistic aspects is presented here for the purpose of better 
understanding of the reactions encountered in our work. 
2.2.5.1 Mechanism for the Stille's Reaction of Acid Chloride 
According to the mechanism Stille proposed on the basis of his extensive study on the 
reaction of acid chlorides with o r g ano s t a nn an e s ,82 ,83 .97 a catalytic pathway for the coupling of 
3,4-bis(tri-Ai-butylstannyl)furan (47) with acid chloride is drawn in Scheme 39. A 
transmetallation reaction has been proposed by Stille to be the rate-determining step and is in 
nature an SE2 reaction in which the palladium complex resulted from an oxidative addition is 
the e l e c t r o p h i l e . 8 2 This theory is in accordance with the finding that when the next 
transmetallation reaction is carried out in a polar solvent, inversion of configuration at carbon is 
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transmetallation reductive elimination 
"BugSn COR' 
巧 、 广 P d b 、 广 X 
reductive elimination厂 ^ oxidative addition 
R'CO R'CO 
"BusSn 
V-Y-P^—L L—P i—L V L X 
\ transmetallation 广 BugSn Sn”Bu3 V R,co 
cis-trans isomerization ^ ^ 
L—Pd—L — / 
� 3 S n N ^ � 3 S n X 
Scheme 39 
reported to take place at a chiral sp3 carbon bound to tin. This is due to the fact that the 
transition state for the electrophilic cleavage of a carbon-tin bond has been proposed to be either 
open or cyclic, depending on the polarity of the solvent. Thus, the more polar solvent favors 
the open transition state (shown below), leading to an inversion of conf igurat ion.82 
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f - 5+ 
PhCO -SnRs 
Based on the above information, a possible explanation is suggested here to rationalize 
the easy monosubstitution and difficult bisacylation of 3,4-bis(tri- n-butylstannyl)furan (47) 
with acid chlorides (see Section 2.2.4.1). Because the transmetallation step is rate-controlling, 
differentiation would be possible if the reactivities of 47 and monosubstituted stannylfuran 
should be largely different. The monoacylated furan, with an acyl group adjacent to the stannyl 
group, is electron-deficient and, as a result, less willing to undergo SE2 transmetalation 
reaction with the electrophilic palladium complex RCOPdCl 2 formed from an oxidative addition 
of acid chloride to the reactive palladium species. 
This line of argument，however, cannot be extended to other coupling reactions unless 
they have a slow transmetallation step. It is not, for instance, applicable to the coupling of aryl 
halides with organostannanes, which is believed to proceed through a slow oxidative 
addition.98 In fact, for the coupling reactions of all the other organohalides used in this Thesis, 
the competition from monosubstituted stannyl furan is very effective, and the reactions could 
not be stopped at the monosubstitution stage. 
2.2.5.2 Mechanism for the Stille's Reaction of Aryl Halide 
The mechanism for the coupling of aryl halides with 3,4-bis(tri- «-butylstannyl)furan 
(47) is outlined in Scheme 40. 
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Scheme 40 
Substantial amounts of studies and experiments98.99 suggest that the oxidative addition 
step is an SN2-type reaction of the nucleophilic palladium with the aryl halide. The 
stereochemical outcome is by all means consistent with this proposal.98,99b Inversion of 
configuration of a chiral centre bearing the halide is a strong proof of the SN2 nature of the 
oxidative addition, since the reductive elimination reaction takes place with retention of 
configuration of both par tner s . lOO The coupling reaction of aryl halides and organostannanes 
is accelerated by electron-withdrawing substituents on aryl halides, which is indicative that the 
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oxidative addition in this type of reaction is rate determining 98 
Having noted the Sn2 nature of the oxidative addition, the phenomenon of the lower 
reactivity of aryl iodides (Table 4’ Entries 7 and 8) compared with arylbromides (see Section 
2.2.4.2) is hard to explain because the order of reactivity of halobenzenes toward oxidative 
addition to Pd(PPh3)4 is reported to be in the trend: Phi > PhBr > P h C l . i o i It has been 
established that icxiobenzene reacts in benzene at room temperature while bromobenzene reacts 
at 80°C. It is obvious that in our case (Table 4，Entries 7 and 8) the oxidative addition did take 
place, even the following transmetallation and reductive elimination happened judging from the 
10% yield of product formed. In the presence of Cul, however, the palladium catalyst is more 
active and the yields of the reaction are improved. 
Oxygen has been reported to be beneficial for reaction of acid chlorides 82,83,97 as well 
as for aryl halides,98 because oxygen can act as an electron-acceptor and initiate a radical 
oxidative addition which is faster than a nucleophilic oxidative addition. Under an inert 
atmosphere, the reaction between organotin compounds and organohalides catalyzed by Pd is 
limited to compounds that undergo oxidative addition very easily, e.g., acid chlorides and 
benzyl bromides. In the presence of oxygen, the reaction of other organohalides, such as aryl 
bromides, can also be carried out. 
Though much mechanistic studies have been done on Stille's coupling reaction, the 
generality of these mechanisms remains to be established. They must be used with the 
understanding that various modifications are possible. For instance, the coupling of benzyl 
bromides with tetramethyltin may well involve a hexacoordinate Pd(IV) complex formed by 
oxidative addition of benzyl bromide to a diorganopalladium (II) complexes 
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2.2.6 Carbonylative Coupling 
When the coupling reaction was performed in the presence of carbon monoxide, 
usually under 3 atomospheric pressure or greater, products resulting from cross-coupling 
accompanied by carbon monoxide insertion were obtained. Such reaction introduces a ketone 
function at the coupling juncture of the two partners and serves as a synthetic method for 
unsymmetrical ketones. 
The CO insertion reaction is an alternative way to synthesize ketones, especially when 
the methods of coupling acid chlorides with organostannes could not be employed either 
because of difficult access to the starting acid chlorides or the presence of certain 
functionalities, e.g. hydroxy, amino groups that are not compatible with acid chlorides. This 
method has frequently found application in organic synthesis, for example, in the 
macrocycle-forming step of the total synthesis of (士)-印/-jatrophone and (士)-jatrophone.i02 
The mechanism for the carbonylation reaction of 3-(tri-rt-butylstannyl)furan (48) is 
shown in Scheme 41.103 The transmetallation step is preceded by an insertion reaction of 
CO, followed by the usual transmetallation, rearrangement and reductive elimination to afford 
the carbonylation product. Direct coupling competes with carbonylation depending upon the 
relative reaction rate of the intermediate RPdXLi with CO (insertion) and with organostannanes 
(transmetallation). The insertion is probably the slow step when the pressure of CO is low. 
When CO pressure is sufficiently high, carbonylation product will be the only product since the 
reactivity of the palladium RCOPdXL� formed after insertion is greater than that of RPdXLi 
toward organostannanes. All the electrophiles that take part in the direct coupling are suitable 
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for carbonylation reaction. Carbonylation can even be carried out with organohalides 
containing a p-hydrogen atom, for example, PhCH(Br)CH3 and CH3CH(Br)COOC2H5 were 
carbonylated successfully with t e t r a m e t h y l t i n . 
The yields of ketones are uneven and are accompanied by the direct coupling products 
in some reactions, the relative amounts of the two products being dependent on the carbon 
monoxide pressure. Both low temperatures and high carbon monoxide pressure favor the 
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carbonylation reaction. Since the highest CO pressure obtainable in our laboratory is 30 psi, 
we have to cope with low yields for certain organic halides. 
Almost all the reactions with 47 and 48 are carried out under 30 psi of carbon 
monoxide, catalyzed by either Pd(PPh3)4 or Pd(PPh3)2Cl2 at 50-60�C in THF for 1-3 days. 
In a typical reaction (Scheme 42), 3,4-bis(tri-n-butylstannyl)furan (47) and phenyl iodide 
were reacted under an atmosphere of CO (30 psi), catalyzed by Pd(PPh3)4 in THF at 55'C. 
One day later, both 3-benzoyl-4-(tri-w-butylstannyl)furan (50c) and 3,4-dibenzoylfuran (57) 
were formed. When the reaction was complete 3 days later, high yield of biscarbonylated 
product was isolated. This is in sharp contrast to the reaction of acid chlorides and compound 
47 where 3,4-dibenzoylfuran (57) was very difficult to obtain. The exact reason is not 
known. It is possible that CO stabilizes the palladium species XPd(C0R)L2. so that the 
second carbonylation reaction could be carried through to the end even if the reaction is not 
fast. 
” Bu3Sn Sn”Bu3 PhCO COPh 
ll \ Pd(PPh3)4”^ II \ 
CO, THF O 
55�C’ 3d 
4 7 80% 5 7 
Scheme 42 
Since this type of diaroylfuran could be easily prepared from the commercially available 
dialkyl 3,4-furandicarboxylates, we did not proceed any further in this direction. 
The carbonylation reaction of 3-(tri-n-butyl)stannylfuran (48) with various 
electrophiles is summarized in Table 5. 
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Table 5. Palladium-catalyzed carbonylation reaction of 48 with electrophiles 
Entry Electrophile Catalysts Products Yield(%) 
1 PhCH2Br Pd(PPh3)2Cl2 ^ 61a 82 
2 Pd(PPh3)2Cl2 ^ 40 
C H 
3 Pci(PPh3).Cl, 0 61cC5Hh 52 
r \ c o / ^ B u ^ 
4* TfO—( V-Bu^ 2% Pd2(dba)3 f \ ^ 44 
^ ^ 62 3% O-fuiyDsP 办Id 
5 Methyl o-iodobenzoate Pd(PPh3)4 Q C ^ e 85 
COPh 
6 Phi Pd(PPh3)4 r X Sla 60 
7 彻 ^ P — h 3 ) 4 ^ 66 
COOEt 22 
Br-v r XT 
8 ^ O O E t Pd(PPh3)2Cl2 C O ^ O O E t 
— Q 28 
* DMF as solvent 
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Benzyl bromide reacted smoothly to give benzyl furan-3-yl ketone (61a) in 82% 
yield. (Table 5, Entry 1). But vinyl iodides only gave moderate yields of products (Table 5, 
Entries 2 and 3). Carbonylation of (£:)-p-iodostyrene gave 40% of furan-3-yl (£:)-styryl 
ketone (61b) whereas (£:)-p-iodoheptene gave 52% of furan-3-yl (£:)-hepM-enyl ketone (61c). 
The formation of 61b was accompanied by 20% yield of bis(furan-3-yl) ketone (61i). In 
fact, 61i was present in all carbonylation reactions that have low or moderate yieds. When 
the present CO pressure was too low for the carbonylation reaction of certain electrophiles, for 
example, 2-bromoacetophenone, its coupling with 3-(tri-«-butylstannyl)furan (48) under CO 
resulted in a quantitative formation of 61i, as shown in Scheme 43. This implies that 
stannylfuran could possibly participate in an oxidative-addition-like reaction with palladium in 
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LiCl was necessary for the coupling of vinyl triflates with organostannanes in Stille's 
original w o r k . i 0 5 But the reaction of 4-rerr-butyl-cyclohex- 1-enyl triflate (62) and compound 
48 was very slow in the presence of Pd(PPh3)4 and LiCl. Using the version of Farina and 
others,95 i.e., 2% Pd2(dba)3 in the presence of 3% tri-2-furylphosphine in DMF, the reaction 
was faster and gave 44% of furan-3-yl 4-rm-butyl-cyclohex- 1-enyl ketone (61d) after 3 days 
at 55-60°C (Table 5, Entry 4). 
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Aryl iodides and 3-(tri-n-butyl)stannylfuran (48) coupled without difficulty to give 
fair yields of products (Table 5, Entries 5 and 6). lodobenzene gave 3-benzoylfuran (51a) in 
60% yield, which had also been prepared from the coupling reaction of benzoyl chloride with 3-
stannylfuran (Table 3，Entrey 1). Methyl o-iodobenzoate gave carbonylated product 61e in 
85% yield in spite of the steric hindrance due to an ortho substitution. 
With allylic bromide, ethyl (£')-4-bromocrotonate gave poor yield of a mixture of 
products, the ratio of the product (61g) and the carbon-carbon double bond isomerized 
product 61h being 22:28 (Table 5, Entry 8). However, l-bromo-3-methyl-2-butene gave good 
yield of egomaketone (6If) without any double bond migration (Table 5, Entry 7). The 
allylic rearrangement was not encountered in the direct cross coupling of bromocrotonate. So 
the migration of the double bond must have occurred after the product was formed, resulting in 
the transformation of some product to the more stable a,p—unsaturated ketone. 
2.2.7 Conclusion 
Utilizing Stille's direct coupling reactions, we have synthesized various 3-substituted 
furans from 3-(tii-Ai-butylstannyl)furan (48)，and mostly symmetrical 3,4-disubstituted furans 
from 3,4-bis(tri-«-butylstannyl)furan (47). 
Two points in the above discussions are worthy of mentioning. 
First，the search for the best catalysts and conditions proves not so trivial as it seems. 
For 3-(tri- «-butylstannyl)furan (48) where there is only one stannyl group, the conditions are 
relatively simple. Many catalysts can be used interchangeably with comparable results. With 
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two stannyl groups in 3,4-bis(tri-n-butylstannyl)furan (47), the situation is more complex. 
For certain type of organohalides, e.g., aryl bromides, allylic bromide, benzyl halides, catalysts 
successful with 3-(tri-/i-butylstannyl)furan (48) are also applicable. But with others like vinyl 
halides, aryl iodides, the conditions for similar reactions of the 3-stannylfuran counterpart do 
not work. Suitable catalysts have to be found through trial and error. 
Second, only in the case of acid chlorides can one of the stannyl groups of 3，4-bis(tri-n_ 
butylstannyl)furan (47) be replaced while the other stannyl group comes through unscathed, 
thus allowing step by step replacement of the two stannyl groups to give unsymmetrical 3, 
4-disubstituted furans. The reactions of 3,4-bis(tri- «-butylstannyl)furan (47) with all the 
other participant organohalides readily gives symmetrical 3,4-disubstituted furans. In order to 
achieve a general synthesis of unsymmetrical 3,4-disubstituted furans, methods other than the 
Stille’ reactions have to be found. 
Various furyl ketones have been synthesized utilizing the carbonylative coupling of 3-(tri-
n-butyl)stannylfuran (48) and organic halides, including benzyl bromide, vinyl iodide, aryl 
iodide, and allyl bromide. Benzyl bromide, aryl iodide give good yields of products while 
others only give moderate yields under the reaction conditions. 
2.3 Synthesis of Unsymmetrical 3,4-Disubstituted Furans via Lithiation of 
3,4-Bis(tri.n.butylstannyl)furan (47) 
2.3.1 Lithiation of Organotin Compounds: General Remarks 
Lithiation of organostannanes with alkyllithiums was first discovered and studied by 
Seyferth in the sixties.i06 Though reaction of lithium metal and organostannanes also provided 
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organolithium species，i07 it seems of less value in organic synthesis. Lithiation of 
organostannanes with alkyllithiums have since attracted considerable attention and examples of 
their application in organic synthesis have been abundant. 108 The general formula is shown 
below. The reaction is in an equilibrium which lies towards the direction of the less basic 
organolithium species. 
R 丨  3SnR + R'Li RLi + R^SnR 丨 
Seyferth found that use of phenyllithium was beneficial for shifting the equilibrium to 
the right since tetraphenyltin precipitated out of solution, as shown below. I06a,i06b Later, he 
discovered that the insolubility of tetraphenyltin was not the main factor. Reaction of 
n-butyllithium with tri-(Ai-butyl)vinyltin was virtually complete though both reactants and 
products all dissolved in ether. I06c 
P h s S n ^ " " ^ + PhLi + Ph4Sn| 
(C=C)4Sn + 4 PhLi • 4 (C=C)Li + Ph4Sn| 
In fact, for organostannanes of vinyl, aryl, allyl, and alkyl with an a-heteroatom 
substitution, the equilibrium almost lies completely to the right (Scheme 44). 
RSn”Bu3 + n-BuLi • RLi + ” BiuSn 






The side product is the hydrocarbon-like tetrabutyltin which is unreactive under the 
reaction conditions, and is easily separated by chromatography. 
This is very advantageous compared with the traditional method in generating an 
anion (Scheme 45) by reaction of organohalide with n-butyllithium, because the side product n-
butyl halide usually causes difficult workup and purification especially when the product is 
vo l a t i l e . 26 The problem has nonetheless been solved by using two equivalents of 
5-butyllithium or r - b u t y l l i t h i u m . i 0 9 a The one extra equivalent of ^-butyllithium or 
f-butyllithium reacts with the •s-butyl halide or r-butyl halide to gave gaseous butane and butene. 
109b It is only unfortunate that 5-butyllithium and r-butyllithium are not stable and decompose 
even at low temperature. I09a They are not so easily available and are difficult to handle 
compared with n-butyllithium which are readily available. 
RX + n-BuLi • RLi + n-BuX 
R'X 
� ‘ 
R R ' 
Scheme 45 
Another strong point of the tin-lithium exchange is that it is usually very fast, while 
the traditional halide-lithium exchange often requires long reaction time at low temperature. 
The tin-lithium exchange reaction can be easily monitored by TLC with the appearance of 
tetrabutyltin and disappearance of the starting organostannane, because organostannanes 
show large bright spots on TLC in an iodine chamber. The other detection means for 
halide-lithium exchange, for example, deuteration, N M R , etc. are i n c o n v e n i e n t 28a 
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Since tin-lithium exchange has such merit, it has great potential in our quest for 
selective, stepwise reaction of 3,4-bis(tri-n-butylstannyl)furan (47). 
2.3.2 Lithiation of 3,4-Bis(tri-n-butylstannyl)furan (47) with n-Butyllithium 
Despite the aforementioned advantages, lithiation of arylstannanes has not seen much 
application in organic synthesis. In 1985, Fleming and Taddei reported the reaction of 
3-(tri-n-butylstannyl)furan (48) with 1 equivalent of n-butyllithium in their eventual 
preparation of 3-furoic acid (See Section 1.2.2, Scheme 5).33 Inspired by this work, we 
tried the lithiation of 3,4-bis(tri-n-butylstannyl)furan (47) with various amounts of 
n-butyllithium. The reaction was monitored by withdrawing aliquots of the reaction solution 
and quenching in wet ether and then checking on reverse phase TLC. The reaction was 
carried out at -78°C to make sure that the 3-lithiofuran formed would not undergo 
rearrangement (See Section 1.2.2). The reaction was very fast, usually complete within 15 to 
30 min. Reverse phase TLC showed that the exchange reaction with one equivalent of 
Ai-butyllithium was not complete, giving a mixture of unreacted compound 47, tetrabutyltin, 
and 3-(tri-n-butylstannyl)furan (48) presumably formed from the neutralization of 3-lithio-4-(tri-
Ai-butylstannyl)furan (63). Approximately two equivalents of n-butyllithium were needed to 
make compound 47 completely disappear, thus achieving complete exchange of one stannyl 
group and generating 63 (Scheme 46). To make sure that the furanolithium 63 was indeed 
formed, we quenched the reaction solution with excess DMF and as a result 
3-formyl-4-(tri-n-butylstannyl)furan (64b) was isolated in 58% yield. We went on to use 
larger amounts of n-butyllithium，expecting to obtain 3,4-dilithiofuran in the same manner. To 
our surprise, use of four equivalents or more of n-butyllithium could not make 
3-lithio-4-(tri-Ai-butylstannyl)furan (63) disappear. Quenching with DMF gave again fair 
yield of 3-formyl-4-(tri-Az-butylstannyl)furan (64b), with no sign of 3,4-diformylfuran which 
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should be resulted if 3，4-dilithiofuran had been formed. 
"Bu3Sn Sn"Bu3 "BusSn U n t . K P 
\ / \ / excess n-BuLi \ / Q Q Q 
47 63 
Scheme 46 
The double lithiation difficulty seems to be a kinetic rather than a thermodynamic 
problem, because 3,4-dilithiofuran has been prepared by double lithiation of 3,4-diiodofuran 
with two equivalents of n-BuLi by French researchers (Scheme 47).iio 
I I HO2C CO2H 
\ — 《 1) 2 equiv n-BuLi ff u 
( o ) ^ - ( o ) 
Scheme 47 
In fact, this kind of difficulty in connection with the simultaneous removal of two 
stannyl groups has been documented in bis-stannyl alkenes as well as b i s - s t a n n y l a r e n e s . 111.112 
For example, with (£)-1,2-bis(trialkylstannyl)ethylenes, cleavage of one C-Sn bond occurred 
readily with one equivalent of n-BuLi, but excess n-BuLi failed to give the dilithium ethylene 
(Scheme 48).m Another example is 2,5-bis(trimethylstannyl)furan and 2,5-bis(trimethyl 
stannyl)thiophene. Again only monolithiation occurred (Scheme 49).ii2 
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Such seemingly unfavourable restriction, however, led to the prospect of 
unsymmetrical 3,4-disubstituted furan synthesis. 
2.3.3 Trapping of 3-Lithio-4-(tri-n-butyIstannyI)furan (63) with Electrophiles 
Table 6 shows the reactivity of 63 towards a wide range of electrophiles. First of all, 
the yield of the formylation reaction was improved. We added TMEDA to the reaction system 
to increase the reactivity of the furanolithiura, and obtained a better yield of 69% (Table 6， 
Entry 4). Best result was obtained when DMPU was added together with DMF (Table 6, 
Entry 5). Such manipulation was also true for other electrophiles. The yield of methylation 70 
was 36% when dimethylsulfate was added alone, but in the presence of DMPU the yield was 
increased to 56% (Table 6, Entries 1 and 2). 
"BusSn Li "BuaSn R \S Q 
63 64 
Table 6. Reaction of lithiofuran 63 with electrophiles 
Entry Electrophile R Product Yield(%) 
1 Me2S04 Me 64a 65 
2 36 
3 HC0NMe2 CHO 64b r 86 
4 69 
5 I 58 
6 EtC0NMe2 65 COEt 64c 63 
7 MeaCO C(0H)Me2 64d 60 
8 PhCHO CH(OH)Ph 64e 75 
9 Ph2C0 C(0H)Ph2 64f 79 
10 Mel Me 64a 28 
11 H2CO ‘ CH2OH 64g 19 
12 0 = Q j O “ h 63 
13 r f j ^ “ i 44 
o J J s J 
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Reaction of N^-dimethyl propanamide (65) gave 3-propanoyl-4-(tri-n-butylstannyl) 
furan (64c) in 63% yield (Table 6, Entriy 6). Aldehyde and ketones reacted smoothly with 6 3 
to give the carbonyl addition product (Table 6, Entries 7-9). With benzophenone, the proton 
on C-2 of the product furan ring was shifted upfield to 5 6.75, due to the shielding effect of 
the two phenyl groups. When a,p-unsaturated ketones were used, only 1，2 additions were 
observed (Table 6，Entries 12 and 13). 
Surprisingly, similar reactions with Mel and gaseous formaldehyde met with failure. 
Only a trace amount of products was isolated (Table 6，Entries 10 and 11). 
The monosubstituted stannylfurans could be readily isolated from the reaction mixture 
by chromatography on neutral aluminum oxide columns since the Rf values of the products 
and side products differ substantially. 
2.3.4 Synthesis of Unsymmetrical 3,4-Disubstituted Furans from 3-Substituted-
4-(tri-/i-butyIstannyI)furan (64) via Stille's Reactions 
Having achieved the synthesis of 3-substituted-4-(tri-n-butylstannyl)furan (64), 
further transformations into 3,4-disubstituted furans are possible. For example, the 
remaining stannyl group could be replaced with various substitutions via Stille，s 
palladium-catalyzed coupling reactions to gave unsymmetrical 3,4-disubstituted furans 66. 
” Bu3Sn R R, R 
64 65 
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Table 7. Conversion of 64 to 65 via Stille's Coupling Reaction 
Entry 
。々） 5% Pd(PPh3)4 
^ D M F , 80°C，8 h 、。？ 64a 35% _ 66a 
"Bu3Sn y 52 y H ^ V 
D M F , r.t” 24 h 
U 66% 二 L 64d 66b 
ff \ D M F , 60 2 h // \ 
Y 70% 
64e 66c 
” B u g S n C ( 0 H ) P h 2 / 7 - C H 3 C O C 6 H 4 C ( 0 H ) P h 2 
4 W p-CH3COC5H4Br， W 
^ 》 6%Pd(PPh3)4 、 J 
^ D M F . 75°C, 24 h ^ 
54f 61% 66(i 
O Ph O 
5 f x OH 5% [(C3H5)PdCl], • r i OH 
D M F i H M P A 10:1 
^ r.t., 24 h ^ 
64h 76% 66e 
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Some selected examples are given in Table 7. 
3-Methyl-4-(tri-rt-butylstannyl)furan (64a) coupled with 9-bromophenanthrene to give 
3-methyl-4-(phenanthr-9'-yl)furan (66a) (Table 7, Entry 1)，albeit in low yield (35%), 
notwithstanding many catalysts have been tried. A possible explanation is the steric hindrance 
caused by the bulkiness of the phenanthrene ring. 
(Z)-4-Bromo-3-penten-2-one (52) was used to couple with 3-(T,!'-dimethyl-T-
hydroxymethyl)-4-(tri-n-butylstannyl)furan (64d) to afford compound 66b (Table 7, Entry 2). 
The benzylic hydroxy group did not interfere with the coupling reaction. The reaction was 
carried out at room temperature to avoid elimination of the hydroxy group. 
The conversion of 3-(r-hydroxybenzyl)-4-(tri-n-butylstannyl)furan (64e) into 3-
benzyl-4-(r-hydroxybenzyl)furan (66c) was quite facile. Compound 64e and benzyl 
bromide was heated at 60°C for 2 h, catalyzed with Pd(CH3CN)2Cl2 to give compound 66c in 
70% yield (Table 7，Entry 3). 
The reaction of 3-( r , 1'-diphenyl-1 ‘-hydroxymethyl)-4-(tri-n-butylstannyl)furan (64f) 
with p-acetylphenyl bromide proceeded smoothly to produce in 61% yield of the coupled 
product 3-(p-acetylphenyl)-4-(r,r-diphenyl-r-hydroxymethyl)furan (66d) in spite of the 
great steric congestion on the part of 64f caused by the space proximity of the two phenyl 
groups (Table 7，Entry 4). 
The reaction of 3-(r-hydroxycyclohex-2'-en-r-yl)-4-(tri-n-butylstannyl)furan (64h) 
with (£:)-p-bromostyrene with was unexpectedly not so smooth. The reaction was very slow 
in DMF, did not finish even after three days. Pure HMPA as solvent was avoided because 
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usually several water wash was needed to remove HMPA, which would lead to product loss 
since the product was an alcohol. Heating was also not used because of possible dehydration. 
Finally, a mixed solvent of DMF and HMPA was employed in which the coupling reaction 
took 24 h to complete (Table 7，Entry 5). The catalyst was allylpalladium chloride dimer, and 
because of its active and thus unstable nature, had to be added another 2 mol % after the first 
12 h. 
2.3.5 Conclusion 
Regiospecific monolithiation of 3,4-bis(tri-Az-butylstannyl)furan (47) has been realized 
through its reaction with approximately two equivalents of rt-butyllithium. The intermediate 3-
lithio-4-(tii-n-butylstannyl)furan (63) was trapped with electrophiles to provide various 3-
substituted-4-(tri-«-butylstannyl)furan (64). One limitation of the lithiation reaction is that the 
electrophiles must be reactive ones in order to obtain satisfactory yields. Compound 64 
undergo further Stille's reaction to give 3,4-disubstituted furans. Thus, a facile route to 
unsymmetrical 3,4-disubstituted furans has been established employing lithiation of 47 
followed by Stille，s reaction. 
2.4 Halogenation 
The halogenation of unsaturated organotin compounds have been studied extensively 
and has a long established h i s t o r y . The reaction mechanism is SE2 in nature and occurs in 
strict ipso fashion. It therefore provides an expeditious route for the generation of 
organohalides, which are otherwise difficult to synthesize. Direct fluorination using 
radioactive molecular fluorine (I8F2) at -78°C successfully incorporated a radioactive I8F atom 
75 
onto the benzene ring.ii4 Xenon difloride was also used in the fluorination of 
v i n y l s t a n n a n e s . 1 1 5 A recent development was reported in 1992 employing caesium 
fluoxysulfate in methanol at 0°C to effect the regioselective fluoro-destannylation of alkenyl and 
heteroaryl substrates. 116 Using iodine, bromine, or chlorine as electrophiles, the cleavages 
lead conveniently and regiospecifically to the expected aryl halides or vinyl halides. 
Halogenation of orr/z(9-bis(trimethylstannyl)benzenes have been studied by 
Seyferth (Scheme 5 0 ) 73 ,74 Both bromination and iodination proceeded with good yields. 
Monoiodination product was obtained when one equivalent of iodine was used. 
Monobromination was achieved only at low temperature. This regioselectivity was ascribed to 
a combination of steric effects which increase the reactivities of the ortho-diim compounds and 
push-and-pull electronic effects of the adjacent C-Sn and C-X bond which reduce the reactivity 
of the l-halo-2-(trimethylstannyl)benzenes toward h a l o g e n 74,117 
I T . 2Br2 _ l 2 _ ^ 
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The same practice was applied to 3,4-bis(tri-«-butylstannyl)furan (47). Thus, reaction 
of 3-benzoyl-4-(tri-n-butylstannyl)furan (56c) with bromine at -78�C gave good yield of 3-
benzoyl-4-bromofuran (67) (Scheme 51). 
"BusSn COPh Br COPh 
/ ^ THF, - 7 8 ° C ~ / \ 
10 min 
^ 83% ^ 
56c 67 
Scheme 51 
lodination of 3,4-bis(tri-n-butylstannyl)furan (47) occurred readily at 0°C in a stepwise 
manner to give 79% of 3-iodo-4(-tri-«-butylstannyl)furan (68) with one equivalent of I2 in 
THF and 85% of 3,4-diiodofuran (69) with two equivalents of iodine (Scheme 52). 3,4-
Diiodofuran had been prepared in 1970110 through the action of two equivalents of EtMgBr on 
1,2,3,4-tetraiodofuran which was in turn prepared by iodination of fully mercurated furan. 
However, the isolation of pure 3,4-diiodofuran (69) from the reaction mixture was difficult. 
Our method thus provides a convenient route for the preparation of pure 3,4-diiodofuran. 
Bromo- and iodo-furans thus formed can undergo further cross coupling reactions such 
as Heck-type r e a c t i o n s . n s Halo groups can be replaced by other substituents such as alkynyl, 
vinyl, aryl, etc, thereby enriching the variety of furan compounds as well as enlarging the 
scope of our methodology. 
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CHAPTER 3. APPLICATION TO NATURAL PRODUCT SYNTHESIS 
3.1 Synthesis of a Key Intermediate in the Total Synthesis of 
(20S)-Camptothecin 
The conciseness and effectiveness of the methodology using the Stille's cross coupling 
reactions as well as lithium exchange reactions of 3,4-bis(tri-«-butylstannyl)fumn (47) is aptly 
shown in a short synthesis of a key precursor to the natural product (205')-camptothecin. 
Corey and co-workers synthesized 3-tetrahydropyranoxymethyl-4-propionylfuran in eight 
steps from diethyl fiiran-3,4-dicarboxylate in 28% yield (See Section 1.4.1.1, Scheme 27). 
Using 3,4-bis(tri-n-butylstannyl)furan (47) as starting material, lithiation and reaction 
with DMF gave 3-formyl-4-(tri-7i-butylstannyl)furan (64a) in 86% yield. Reduction with 
DIB AH afforded 3-hydroxymethyl-4-(tri-/7.-butylstannyl)furan (64g) in good yield. Protection 
with dihydropyran in the presence of pyridinium /7-toluenesulfonate resulted in gradual proto-
destannylation. So the hydroxyl group was protected as a silyl ether using ter-
butyldimelhylchlorosilane in pyridine to give compound 70. The silyl ether 70 was coupled 
with propionyl chloride in the presence of Pd(PPh3)202 to afford 3-rer^-butyldimethylsilyloxy 
methyl-4-propanoylfuran (71) in 75 % yield. Thus, a TBDMS-protected analog of 3-
tetrahydropyranoxymethyl-4-propanoylfuran was synthesized in four steps from 3,4-bis(tri-;7.-
butylstannyl)furan (47) in an overall yield of 52% (Scheme 53). 
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Scheme 53 
3.2 Synthesis of An Analog of Lactaral 
Lactaral is a naturally occurring furan c ompound .7 Its total synthesis was 
accomplished by Froborg, Magnusson, and Thoren in 1974 (Scheme 54).ii9 The synthesis 
again started with the commercially available diethyl furan-3,4-dicarboxylate, which was 
reduced with LiAlH* followed by protection with tetrahydropyran to afford monoprotected diol 
72. The mesitoate ester 73 was coupled with allylic bromide by treating the mixture with 
lithium metal. Coupled product lactarol (74) was obtained in poor yield (44 mg of 74 from 
1.8 g of 73). Further oxidation with manganese dioxide gave the desired lactaral. 
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In a model study, 1 -bromo-3-methyl-2-butene and 3-(/m-butyldimethylsilyloxymethyl) 
-4-(tri-n-butylstannyl)furan (70) were subjected to carbonylative coupling reaction to yield 3-
rm-butyldimethylsiloxymethyl-4-(4'-methyl-pent-3'-en-r-onyl)furan (75) in 80% yield 
(Scheme 55). Further reduction of the benzylic carbonyl group to methylene group, 
deprotection, oxidation of hydroxyl group to aldehyde would eventually give an 
analog of lactaral. 
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All reagents and solvents were reagent grade. Further purifications and drying by 
standard m e t h o d s 120 were employed when necessary. All evaporation of organic solvents was 
carried out with a rotary evaporator in conjunction with a water aspirator. Melting points were 
recorded on a Peichert apparatus and are uncorrected. NMR spectra were recorded on a Bruker 
Cryospec WM 250 spectrometer (250 MHz for ^H and 62.5 MHz for I^q . All NMR 
measurements were carried out at room temperature in deuterated chloroform solution unless 
otherwise stated. Chemical shifts are reported as parts per million (ppm) in 5 unit on the scale 
downfield from tetramethylsilane (TMS) or relative to the resonance of chloroform solvent (7.26 
ppm in the ^H, 77.0 ppm for the central line of the triplet in the ^^C modes, respectively). 
Coupling constants {J) are reported in hertz (Hz). Splitting patterns are described as “s” 
(singlet); “d，，(doublet); “t，，(triplet); “q，，(quartet); “m’，(multiplet). ^H NMR data are reported in 
this order: chemical shifts; multiplicity; coupling constant(s); number(s) of proton. Mass spectra 
were obtained on a VG 7070F mass spectrometer, and recorded at an ionization energy of 70 eV 
for ordinary compounds and 20 eV for stannyl compounds. TLC was performed on silica gel 
6OF254 precoated on aluminum. Column chromatography was performed on silica gel (230-400 
mesh) unless otherwise stated. Reverse-phase TLC plates were purchased from Whatmann. 
Elemental analyses were carried out at Shanghai Institute of Organic Chemistry, the Chinese 
Academy of Sciences. 
(Z)-4-Broino-3-penten-2-one (52) and (E)-4-bromo-3-penten-2-one (53).^ ^^  To a 
stirred solution of recrystallized triphenylphosphine (5.76 g, 22 mmol) in dry acetonitrile (100 
mL) was added successively a solution of bromine (3.5 g, 22 mmol) in benzene (20 mL), 
triethylamine (2.2 g, 22 mmol), and 2,4-pentanedione (2.0 g, 20 mmol). The resulting mixture 
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was stirred at room temperature for 20 h. The bulk of the solvent was removed under reduced 
pressure using a water aspirator. The residual brownish material was diluted with ether (50 mL) 
and filtered through a short column of silica gel (20g), and washed with ether (200 mL). 
Removal of the solvent, followed by chromatography on silica gel (40g, hexanesrethyl acetate 
30:1) gave the first eluent (Z)-4-bromo-3-penten-2-one (52) as a light yellowish liquid (1.0 g, 
30%), followed by (£)-4-bromo-3-penten-2-one (53) as a light yellowish liquid (0.30 g, 
9.2%). iH NMR (CDCI3) 52: 5 2.20 (s, 3H), 2.75 (d, J = 0.95 Hz, 3H), 6.72 (d, J = 0.95 
Hz, IH); 53:6 2.26 (s, 3H), 2.39 (s, 3H), 6.50 (s, IH). 
General Procedure for Vinyl Halide F o r m a t i o n l 2 2 a 
(a) (J^)-p-Iodostyrene (54). To phenylacetylene (11 mL, 0.1 mol) in n-hexane (20 mL) was 
added 1.0 M diisobutylaluminum hydride in toluene (10 mL, 0.1 mol) while the temperature was 
maintained below 40尤.When the initial exothermic reaction had subsided, the reaction mixture 
was heated for 2 h at 50^. After cooling, anhydrous THF (40 mL) was added. To this solution 
at -61°C was added iodine (25.4 g, 0.10 mol) dissolved in THF (40 mL). The reaction mixture 
was allowed to warm to room temperature, followed by dropwise addition of 20% sulfuric acid 
(10 mL). When gas evolution had diminished, the reaction mixture was poured into ice water 
(20 mL). The vinyl iodide was extracted with hexanes (2x50 mL) and the combined extracts 
were washed successively with aqueous saturated sodium thiosulfate solution (2x20 mL) and 
5% aqueous sodium bicarbonate solution (2x20 mL). Chromatography on silica gel (100 g, 
hexanes) gave (£)-p-iodostyrene (54) (11.5 g, 50%) as a colorless oil, bp 76-80X71 mmHg 
(lit. 122b bp 101^/4 mmHg for a mixture of (Z) and (£)-p-iodostyrene). ^H NMR (CDCI3) (60 
MHz) 6 6.64 (d, J = 15.0 Hz, IH), 6.97-7.42 (m, 6H) [lit. 122c 1h NMR (CDCI3) vinylic 
proton: 6 6.68，/= 15.0 Hz]. 
(b)(五)-l-Iodo-l-heptene (55) was prepared from 1-heptyne (13 mL, 0.1 mol), 1.0 M 
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diisobutylaluminum hydride in toluene (10 mL, 0.1 mol) and iodine (25.4 g, 0.1 mol) dissolved 
in THF (40 mL). Distillation gave (£)-l-iodo-l-heptene (55) (15.5 g, 69%) as a colorless oil, 
bp 43-44SC/1.5 mmHg; ^H NMR (CDCI3) 6 0.88 (t,/= 6.7，6.7 Hz, 3H), 1.23-1.41 (m, 6H), 
2.03 (q, 7=7.1, 7.1, 7.1 Hz, 2H), 5.96 (d，/ 二 14.3 Hz, IH), 6.50 (dt, / = 7.1’ 7.1’ 14.3 
Hz, IH); high resolution MS: 224.0019, C7H13I Calcd. 224.0087 
4-^^r/-Butyl-cyclohex-l-enyI triflate (62).^ ^^ A solution of 4-rm-butylcyclohexanone 
(2.0 g, 13 mmol) in THF (20 mL) was added to a solution of 2.0 M of lithium diisopropylamide 
(7 mL, 15 mmol) in THF (3 mL) at -78'C, and the resulting solution was stirred for 2 h. N-
Phenyltrifluoromethanesulfonimide (5.5 g, 15 mmol) was added in one lot, and the reaction 
mixture was allowed to warm to OSC and stirred for 9 h. Evaporation of solvent and direct 
chromatography on silica gel (60 g, hexanes) gave 4-rm-butyl-cyclohex-1 -enyl triflate (62) as a 
colorless liquid (2.8 g, 77%). ^H NMR (CDCI3) 6 0.89 (s, 9H), 1.23-1.42 (m, 2H), 1.90-1.98 
(m, 2H), 2.16-2.38 (m, 3H), 5.73 (t,7= 2.8, 2.8 Hz, IH). 
A^TV-Dimethyl propanamide (65).124a Dimethylamine (30 mL, 0.43 mmol) was 
condensed in a round-bottomed flask containing dry ether (40 mL) at -78X1 To this solution 
was added slowly a solution of propanoyl chloride (11 mL, 0.13 mmol) in ether (40 mL) during 
50 minutes. The addition was accompanied with vigorous evolution of white fume. After 
addition, the mixture was stirred at 0尤 for 1 h, then quenched with saturated aqueous 
ammonium chloride solution (10 mL). The water layer was neutralized with concentrated HCl 
until pH reached 7, and then extracted with ether (3x80 mL). The combined extracts were dried 
and concentrated carefully under reduced pressure. Distillation gave pure 65 (10 g, 76%) as a 
colorless liquid: bp 42-43V/2 mmHg (lit. 124b bp 165-178尤). 
Bis(tri-/i-butyl-stannyl)acetylene (49).71a Dry acetylene gas was bubbled into a solution 
of 1.5 M "-butyllithium (500 mL, 0.75 mol) in THF (50 mL) under nitrogen at SOV for 1 h, 
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during which time a thick white suspension was formed. The mixture was then refluxed for 2 h, 
followed by addition of a solution of tributyltin chloride (203 mL, 0.75 mol) in THF (100 mL) 
at 0尤.The resulting mixture was refluxed for 3 h, then cooled to 0尤 and quenched with icy 
saturated ammonium chloride solution (200 mL). The aqueous layer was extracted with hexanes 
(200 mL). The organic layer was dried over MgS04 and evaporated. Vacuum distillation gave 
bis(tri-«-butylstannyl)acetylene (49) (200 g, 70%) as a colorless liquid: bp: 159-160SC/0.01 
mmHg (lit.7lb bp 159SC/0.01 mmHg); MS m/z 604 (M+); ^ H NMR (CDCI3) 5 0.89 (br.quintet, 
/ = 7.3，7.3, 7.3’ 7.3 Hz, 30H), 1.32 (br.sextet，/ = 7.3，7.3，7.3，7.3, 7.3 Hz, 12H), 1.56 
(br.quintet,/= 7.3，7.3, 7.3，7.3 Hz, 12H); 13c NMR (CDCI3) 5 11.24, 13.57, 26.93, 28.91, 
116.35. 
4-Phenyloxazole (50). A mixture of 2-bromoacetophenone (120 g, 0.6 mol), ammonium 
formate (132 g, 2.1 mol) and anhydrous formic acid (660 mL) was refluxed under nitrogen for 8 
h. The deep reddish brown solution was cooled in an ice bath and neutralized by concentrated 
sodium hydroxide (1 kg) solution, followed by extraction with ether (5x500 mL). The organic 
extracts were dried over MgS04 and evaporated. Vacuum distillation gave a crude product 
which was purified further by flash chromatography on silica gel (150 g, hexanesiethyl acetate 
4:1) to give pure 4-phenyloxazole (50) (30 g, 34%) as the least polar component, a colorless oil, 
bp. 64-68^/0.2 mmHg [lit.72 111-113 /^10 mmHg]; MS m/z 145 (M+); ^H NMR (CDCI3) 8 
7.20-7.40 (m, 3H), 7.71-7.75 (m, 2H), 7.88 (s, IH), 7.89 (s, IH). 
3,4-Bis(tri-n-butylstannyl)furan (47) and 3-(tri-n-butyl-stannyl)furan (48). A 
mixture of bis(tri-w-butylstannyl)acetylene (49) (200 g, 331 mmol) and 4-phenyloxazole (50) 
(55 g, 0.38 mol) in a sealed tube was heated in an oil bath at 180-185"C for 10 days. It was then 
opened and the resulting benzonitrile was removed under vacuum. The residue in five portions 
was chromatographed on five columns each containing neutral alumina (grade 11, 1 kg, hexanes) 
to give a mixture of compound 47, 48 and unchanged 50. Acetylene 50 was removed from the 
mixture by adsorbing on a bed of alumina (7(X)g, Merk 1085 aluminum oxide for TLC, activated 
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by heating in an oven at 120^ for 4 h and stored in a desiccator) for 1 h and was washed 
subsequently with hexanes to give a mixture of 47 and 48. Vacuum distillation (bath 
temperature not exceeding 190尤）gave 48 (12 g, 10%) as a colorless liquid: bp 80^/ 0.01 
mmHg [lit.33 bp 109-1 llSC/0.6 mmHg]; MS m/z 357 (M+); ^H NMR (CDCI3) 6 0.89 (t, J = 
7.2, 7.2 Hz, 9H), 1.01 (t ,/= 8.0，8.0 Hz, 6H), 1.32 (sextet,/= 7.2, 7.2，7.2, 7.2，7.2 Hz, 
6H), 1.47-1.57 (m, 6H), 6.36 (dd’ / = 0.6，1.6 Hz, IH), 7.24 (t ,/= 1.3，1.3 Hz, IH), 7.57 
(t, / = 1.4, 1.4 Hz, IH); 13c NMR (CDCI3) 6 9.92，13.59, 27.26, 29.16, 113.73，114.98， 
142.55, 147.17. 
Compound 47 that remained as non-volatile residue was further purified on a short 
neutral alumina column (grade Il-in, 200 g, hexanes) to give pure 47 (47 g, 22%) as a colorless 
liquid: MS m/z 589 (M+ -C4H8); ^H NMR (CDCI3) 6 0.79 (t, 7.3，7.3 Hz, 18H), 0.91 (t, J 
=7.5, 7.5 Hz, 12H), 1.23 (sextet,/= 7.3, 7.3, 7.3, 7.3, 7.3 Hz, 12H), 1.34-1.47 (m, 12H), 
7.36 (m, 2H); ^^C NMR (CDCI3): 6 10.09，13.57, 27.38，29.23, 119.32, 148.09. Anal. 
Calcd. for C28H560Sn2： C, 52.05; H, 8.74. Found: C, 52.40; H, 9.04. 
3-Benzoylfuran (51a) (Table 3，Entry 1). 3-(Tri-«-butylstannyl)furan (48) (356 mg, 
1.0 mmol), THF (1 mL), bis(triphenylphosphine)palladium chloride (28 mg, 0.04 mmol), and 
freshly distilled benzoyl chloride (120 i^L, 0.1 mmol) was added sequentially to a sealed tube 
under nitrogen. The tube was sealed and heated on an oil bath at 60尤 for 8 h. After being 
cooled to room temperature, the mixture was diluted with ether (20 mL) and filtered through 
celite. Removal of solvent and chromatography on silica gel (20 g, hexanesrethyl acetate 30:1) 
gave 3-benzoylfuran (51a) (138 mg, 80%) as white solids: mp 38-39^ (lit.91 mp 39-40SC); ^H 
NMR (CDCI3) 5 6.91 (d,/= 1.9 Hz, IH), 7.45-7.51 (m, 3H), 7.58 (tt,/= 1.7，1.7, 7.3 Hz, 
IH), 7.83-7.67 (m, 2H), 7.92 (t, J= 0.6，0.6 Hz, IH). 
General Procedure for the Preparation of 51b-51h (Table 3，Entries 2-10) 
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(a) 3-Phenylfuran (51b) (Table 3，Entry 2). To a mixture of compound 48 (100 mg, 
0.28 mmol), iodobenzene (57 mg 0.28 mmol) in DMF (0.3 mL) was added 
bis(triphenylphosphine)palladium chloride (8 mg, 0.01 mmol). The resulting mixture was 
heated at 70尤 for 2 h, then diluted with ether (20 mL), washed with water (5 mL), and dried 
over MgS04. Evaporation and chromatograhpy on silica gel (20 g, hexanes) gave 51b (30 mg, 
75%) as white solids: mp 57-58SC (lit.^ ^S mp 58.5-59.5尤).MS m/z 144 (M+); ^H NMR 
(CDCI3) 6 6.71 (dd, 7=0.7, 1.8 Hz, IH), 7.26 (tt,/= 1.2, 1.2，7.2, 7.2 Hz, IH), 7.37 (br.t, 
7=6.3, 6.3 Hz, 2H), 7.48 (s, IH), 7.50 (dt,/= 1.7，1.7, 8.8 Hz, 2H), 7.74 (dd, /= 0.7, 1.3 
Hz, IH). 
(b) 3-/;-Tolylfuran (51c) (Table 3, Entry 3) was produced from the reaction of 
compound 48 (356 mg, 1.0 mmol), p-iodotoluene (240 mg, 1.1 mmol), Cul (15 mg, 0.08 
mmol) and bis(triphenylphosphine)palladium chloride (28 mg, 0.04 mmol) in DMF (1.0 mL) 
under nitrogen at room temperature for 2 h. Chromatography on silica gel (20 g, hexanes) 
afforded 48 as colorless crystals (114 mg, 72%): mp 65-66(; MS m/z 158 (M+); ^H NMR 
(CDCI3) 6 2.36 (s, 3H), 6.68 (dd,/= 0.8，L7 Hz, IH), 7.18 (d, /二 7.2 Hz, 2H), 7.38 (d,/ = 
7.2 Hz, 2H), 7.46 (1,7= 1.7，1.7 Hz, IH), 7.70 (t,/= 1.0，1.0 Hz, IH); high resolution MS: 
158.0701, C i i H i q O Calcd. 158.0729. 
(c) 3-Phenylfuran (51b) (Table 3，Entry 4) was obtained as white solids (32 mg, 80%) 
from a mixture of compound 48 (100 mg, 0.28 mmol), bromobenzene (29 mg, 0.3 mmol), 
tetrakis(triphenylphosphine)palladium (14 mg, 0.01 mmol) in DMF (0.5 mL) after heating at 
70尤 for 1.5 h, which was identical spectrometrically to an authentic sample prepared 
previously. 
(d)3-[(£;).Styryl]furan (51d) (Table 3，Entry 5). A mixture of compound 48 (200 mg, 
0.56 mmol), (£)-p-bromostyrene (112 mg, 0.6 mmol), tetrakis(triphenylphosphine)palladium 
(26 mg, 0.02 mmol), HMPA (0.5 mL) was heated under nitrogen at 6(fC for 23 h. 
Chromatography on silica gel (20 g, hexanes) gave 5Id as white solids (76 mg, 80%): mp 88-
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90X1; MS nVz 170 (M+); ^H NMR (CDCI3) 6 6.66 (d, J= 1.7 Hz, IH), 6.81 (d, J = 16.2 Hz, 
IH), 6.97 (d, J = 16.2 Hz, IH), 7.23 (tt, J = 1.8，1.8, 7.1，7.1 Hz, IH), 7.33 (dt, J = 1.5, 
1.5, 7.6 Hz, 2H), 7.40-7.46 (m, 3H), 7.52 (br.s, IH). Anal. Calcd. for C12H10O： C, 84.68; 
H, 5.92. Found: C, 84.62; H, 5.72. 
(e) 3-[(Z)-4'-oxo.pent-2'-en-2'-yl]furan (51e) (Table 3，Entry 6). Compound 48 
(100 mg, 0.28 mmol), (Z)-4-bromo-3-penten-2-one (52) (50 mg, 0.31 mmol), and 
bis(triphenylphosphine)palladium chloride (8 mg, 0.01 mmol) was added sequentially to DMF 
(0.5 mL). The resulting mixture was heated at 70^ for 6 h. Chromatography on silica gel (20 
g, hexanesiethyl acetate 30:1) gave 51e as a colorless oil (32 mg, 77%). MS m/z 150 (M+); ^H 
NMR (CDCI3) 5 2.19(s, 3H), 2.44 (d,/= 1.2 Hz, 3H), 6.46 (s, IH), 6.60 (m, IH), 7.43 (s, 
IH), 7.69 (s, IH). Anal. Calcd. for C9H10O2： C, 71.98; H, 6.71. Found: C, 71.83; H, 6.69. 
(f)3-[(£:)-4'-oxo-pent-2'-en-2'-yl]furan (51f) (Table 3，Entry 7) was obtained from 
48 (100 mg, 0.28 mmol), (£)-4-bromo-3-penten-2-one (53) (50 mg, 0.31 mmol), and 
bis(triphenylphosphine)palladium chloride (8 mg, 0.01 mmol) in DMF (0.5 mL) after heating at 
70^ for 6 has a colorless oil (29 mg, 70%). MS m/z 150 (M+); ^H NMR (CDCI3) 5 2.27 (s, 
3H), 2.44 (d, /= 1.1 Hz, 3H), 6.46 (s, IH), 6.60 (dd, /= 1.0, 2.0 Hz, IH), 7.43 (dd, J = 
I.5, 2.0 Hz, IH), 7.69 (s, IH). Anal. Calcd. for C9H1QO2： C, 71.98; H, 6.71. Found: C, 
71.90; H, 6.73. 
(g) 3-[(五)-Styryl]furan (51d) (Table 3，Entry 8) was obtained as white solids (68 mg, 
71%) from a mixture of compound 48 (200 mg, 0.56 mmol), (£)-p-iodostyrene (142 mg, 0.62 
mmol), bis(triphenylphosphine)palladium chloride (16 mg, 0.02 mmol) in DMF (0.5 mL) after 
heating under nitrogen at 60^ for 23 h, which was identical spectrometrically to an authentic 
sample prepared previously. 
(h) 3-[(£:)-Hept-l'-enyl]furan (51g) (Table 3，Entry 9). A solution of compound 48 
(200 mg, 0.56 mmol), (£)-l-iodo-l-heptene (100 mg, 0.62 mmol), bis(triphenyl 
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phosphine)palladium chloride (16 mg, 0.02 mmol) and Cul (8 mg, 0.05 mmol) in DMF (0.5 
mL) was heated at 60( for 24 h under nitrogen. Chromatography on silica gel (20 g, hexanes) 
gave 51g as a colorless oil (65 mg, 71%). MS m/z 164 (M+); ^H NMR (CDCI3) 5 0.87-0.92 
(m, 3H), 1.26-1.47 (m, 6H), 2.14 (q,/=7.1, 7.1，7.1 Hz, 2H), 5.94 (dt, J = 6.9, 6.9，15.8 
Hz, IH), 6.30 (d, J = 15.8 Hz, IH), 6.50 (t, J = 1.4, 1.4 Hz, IH), 7.33 (m, 2H); high 
resolution MS: 164.1194，C i^Hifi Calcd. 164.1197. 
(i) 3-[3'-Ethoxycarbonyl-(E)-prop-2'-en-l'-yl]furan (51h) (Table 3，Entry 10). 
To a solution of 48 (200 mg, 0.56 mmol) and ethyl (E)-4-bromocrotonate (118 mg, 0.62 
mmol) in DMF (0.5 mL) was added a mixture of bis(acetonitrile)palladium chloride (6 mg, 0.02 
mmol) and triphenylphosphine (3 mg, 0.01 mmol). The reaction mixture was heated at 60尤 for 
2 h. Chromatography on silica gel (20 g, hexanes: ethyl acetate 30:1) gave 51h as a light 
yellowish oil (60 mg, 60%). MS m/z 180 (M+); ^H NMR (CDCI3) 5 1.28 (t, J = 7.0, 7.0 Hz, 
3H), 3.33 (d,/=6.5 Hz, 2H), 4.18 (q，/= 7.0’ 7.0，7.0 Hz, 2H), 5.84 (dt, / 二 1.7，1.7，15.5 
Hz, IH), 6.27 (d, J = 0.7 Hz, IH), 7.03 (dt, J = 7.0，7.0，15.5 Hz), 7.26 (dd, J = 0.7’ 1.4 
Hz, IH), 7.39 (t, J = 1.6，1.6 Hz, IH); high resolution MS: 180.0768, C9H12O3 Calcd. 
180.0783. 
General Procedure for Preparation of 56a-56c (Table 4，Entries 1-3) 
(a) 3-Acetyl-4-(tri-/i.butylstannyl)furan (56a) (Table 4，Entry 1). In a sealed tube 
equipped with a magnetic stirring bar were added bis(triphenylphosphine)palladium chloride (20 
mg, 0.028 mmol), compound 47 (458 mg, 0.71 mmol), acetyl chloride (110 ^ iL, 1.6 mmol) and 
THF (2 mL). The mixture was then heated at 80尤 for 24 h. After being cooled to room 
temperature, the mixture was concentrated in vacuo and the residue was chromatographed on 
neutral alumina (grade II-III, 30 g, hexanesrethyl acetate 20:1) to give 56a (168 mg, 59%) as a 
colorless oil: MS m/z 343 (M+-C4H8); ^H NMR (CDCI3) 6 0.87 (t,/= 7.4，7.4 Hz, 9H), 1.00 
(t, J 二 8.1，8.1 Hz, 6H), 1.3 (sextet, J 二 7.4，7.4, 7.4，7.4’ 7.4 Hz, 6H), 1.47 (quintet, J = 
8.1，8.1，8.1，8.1 Hz, 6H), 2.42 (s, 3H), 7.18 (d，/= 1.3 Hz, IH), 8.13 (d, J = 1.3 Hz, IH); 
90 
13c NMR (CDCI3) 6 10.47’ 13.56, 27.18’ 29.15, 115.46, 132.70, 148.50, 148.98, 192.84; 
13c NMR (C^D^) 5 10.89，13.77, 26.70, 27.58, 29.60，115.74, 133.0，148.52, 149.15, 
192.21. Anal. Calcd. for Ci8H3202Sn: C, 54.16; H, 8.08. Found: C, 54.07; H, 8.29. 
(b) 3-Pentanoyl-4-(tri-w.butylstannyl)furan (56b) (Table 4，Entry 2) was obtained 
from 47 (313 mg, 0.48 mmol), propanoyl chloride (60 nL, 0.5 mmol) and bis(triphenyl 
phosphine)palladium chloride (17 mg, 0.02 mmol) in THF (2 mL) after heating at 60X： for 8 h. 
Chromatography on neutral alumina (grade II-III, 30 g, hexanesrethyl acetate 20:1) gave pure 
compound 56b (122 mg, 57%) as a colorless oil: MS m/z 441 (M+)，^H NMR (CDCI3) 6 0.86 
(t, J = 7.2, 7.2 Hz, 9H), 0.93 (t, / = 8.0, 8.0 Hz, 3H), 1.04 (t, J = 8.0, 8.0 Hz, 6H), 1.30 
(sextet,/= 7.2, 7.2, 7.2, 7.2, 7.2 Hz, 8H), 1.49 (quintet,/= 8.4，8.4，8.4，8.4 Hz, 6H), 1.69 
(m, 2H), 2.73 (t, /= 7.4’ 7.4 Hz, 2H), 7.17 (d, 7 = 1.2 Hz, IH), 8.13 (d,/= 1.2 Hz, IH); 
13c NMR (CDCI3) 6 10.48，13.57, 13,75, 22.48, 27.22, 29.01, 29.19，39.83，115.61, 
132.37, 147.84，148.87，195.98. Anal. Calcd. for CziHssO^Sn: C, 57.16; H, 8.68. Found: 
C, 56.63; H, 8.88. 
(c) 3-Benzoyl-4-(tri-w-butylstannyl)furan (56c) (Table 4，Entry 3) was prepared 
from 47 (3.98 g, 6 mmol), benzoyl chloride (0.7 mL, 6 mmol) and bis(triphenyl 
phosphine)palladium chloride (169 mg, 0.24 mmol) in THF (5 mL) after heating at 60-65尤 for 
8 h. Chromatography on neutral alumina (grade II-III, 30 g, hexanesrethyl acetate 20:1) gave 
56c (263 mg, 95%) as a colorless oil: MS m/z 461 (M+); ^H NMR (CDCI3) 5 0.87 (t, J = 7.2, 
7.2 Hz, 9H), 1.11 (t,/= 8.1, 8.1 Hz, 6H), 1.32 (sextet, /= 7.2，7.2, 7.2, 7.2, 7.2 Hz, 6H), 
1.48-1.61 (m, 6H), 7.26 (s, IH), 7.42-7.54 (m, 3H), 7.81 ( d，7 .0 Hz, 2H), 7.95 (s, IH); 
13c NMR (CDCI3) 5 10.56, 13.59, 27.19, 29.19, 116.93，128.42, 128.62, 131,08，131.94， 
139.61，148.71，149.66, 190.45. Anal. Calcd. for CssHsaO^S i i: C , 59.90; H , 7.43. Found: 
C, 59.92; H, 7.35. 
3-Benzoyl-4-[(£;).styryl]furan (58). A mixture of 56c (92 mg, 0.2 mmol), 
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bromostyrene (36 mg, 0.2 mmol), allylpalladium chloride dimer (5 mg, 0.01 mmol) and HMPA 
(0.5 mL) was degassed with nitrogen and heated at 60'C for 2 h. After being cooled to room 
temperature, the mixture was diluted with ether (30 mL) and stirred vigorously with 50% 
aqeuous KF solution for 15 min to partially remove tributyltin bromide. The water layer was 
extracted with ether (2x20 mL). The combined ethereal layer was washed with water (10 mL), 
dried (MgSO*) and evaporated. Chromatography on silica gel (20 g, hexanes:ethyl acetate 8:1) 
gave 58 (55 mg, 82%) as white solids. Recrystallization from methanol gave colorless crystals, 
mp 72-73V; MS m/z 274 (M+); ^ H NMR (CDCI3) 8 6.98 (d, J = 16.6 Hz, IH), 7.20-7.36 (m, 
3H), 7.37 (d,/= 16.6 Hz, IH), 7.50 (br.t, 7=7.2, 7.2 Hz, 4H), 7.55-7.65 («,/= 1.6, 1.6, 
7.2’ 7.2 Hz, IH), 7.76-7.80 (m, 2H), 7.84-7.89 (m, 2H); 13c NMR (CDCI3) 6 117.69, 
124.51, 124.86, 126.53, 127.63, 128.54, 128.55, 129.07, 131.06，132.52, 137.29, 139.35, 
140.56, 149.80, 190.34. Anal. Calcd. for C19H14O2: C, 83.19; H, 5.14. Found: C, 82.82; 
H, 5.15. 
3-Benzoyl-4-(p-nitrophenyl)furan (59). A mixture of 56c (100 mg, 0.2 mmol), p-
nitrophenyl bromide (51 mg, 0.25 mmol), tetrakis(triphenylphosphine)palladium (13 mg, 0.002 
mmol) and HMPA (0.5 mL) was heated in a capped flask at SCTC for 23 h. After being cooled to 
room temperature, the mixture was diluted with ether (30 mL) and stirred vigorously with 50% 
aqeous KF solution for 15 min to partially remove side product tributyltin bromide. The water 
layer was extracted with ether (2x20 mL). The combined ethereal layer was washed with water 
(10 mL), dried (MgSOg) and evaporated. Chromatography on silica gel (20 g, hexanes:ethyl 
acetate 8:1) gave 59 (50 mg, 85%) as colorless crystals from n-hexane: mp 106-108"€; MS m/z 
293 (M+); iHNMR (CDCI3) 6 7.47 (br.t,7= 7.5, 7.5 Hz, 2H), 7.58 ( d t , 2 . 1 , 2.1, 8.9 Hz, 
3H), 7.71 (d’ J = 1.6 Hz, IH), 7.86 (d, J = 1.6 Hz, IH), 7.89 (d, J = 1.6 Hz, 2H), 8.18 (dt, 
J 二 2.0，2.0, 6.8 Hz, 2H); ^^C NMR (CDCI3) 6 123.49, 124.61，125.75, 128.23, 128.58, 
129.33，133.08, 137.83，138.49，142.37, 147.29，149.83’ 189.28. Anal. Calcd. for 
C17H11O4N: C, 69.62; H, 3.78; N, 4.77. Found: C, 69.34; H, 3.76; N, 4.33. 
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3-Benzoyl-4-deuteriofuran (60). Deuterated trifluoroacetic acid (0.03 mL, 0.3 mmol) was 
added dropwise to a stirred solution of 56c (0.15 g, 0.33 mmol) in dichloromethane (6 mL) at 
room temperature. The resulting solution was stirred for 40 min, diluted with dichloromethane 
(20 mL), washed with water (5 mL), dried over MgS04 and evaporated. Chromatography on 
silica gel (20 g, hexanesxthyl acetate 10:1) gave deuterated compound 60 (89 mg, 95%) as 
white solids. MS m/z 173 (M+): 172 (M+-1) 55:45; ^ H NMR (CDCI3) 6 6.91 (dd, /= 0.6, 1.2 
Hz, 0.54H), 7.46-7.58 (m, 4H), 7.85 (dd, J= 1.7，7.6 Hz, 2H), 7.91 (d,7= 1.0 Hz, IH). 
General Procedure for Preparation of 56d-56f (Table 4, Entries 4-6) 
(a) 3,4-Diphenylfuran (56d).(Table 4，Entry 4). A mixture of 47 (200 mg, 0.3 
mmol), bromobenzene (109 mg, 0.69 mmol) and tetrakis(triphenylphosphine)palladium (32 mg, 
0.03 mmol) in HMPA (0.3 mL) was heated at 65^ for 10 h. After being cooled to room 
temperature, the mixture was diluted with ether (30 mL) and stirred vigorously with 50% 
aqueous KF solution for 15 min. The water layer was extracted with ether (2x20 mL). The 
combined ethereal layer was washed with water (10 mL), dried over MgS04 and evaporated. 
Flash chromatography on silica gel (20 g, hexanes) gave 56(1 (37 mg, 54%) as white solids. 
Recrystallization from methanol gave colorless crystals: mp 107-111尤（lit.46b mp 111-112^0; 
MS m/z 220 (M+); ^ H NMR (CDCI3) 5 7.20-7.30 (m, lOH), 7.54 (s, 2H); ^^c NMR (CDCI3) 8 
126.10，127.01, 128.36, 128.58, 132.20, 140.70. 
(b) 3,4-Bis(p-acetylphenyI)furan (56e) (Table 4，Entry 5) was prepared from 47 
(200 mg, 0.3 mmol), p-acetylphenyl bromide (123 mg, 0.62 mmol) and tetrakis(triphenyl 
phosphine)palladium (22 mg, 0.02 mmol) in HMPA (0.3 mL) after heating at 8(K： for 20 h. 
Chromatography on silica gel (20 g, hexanes:ethyl acetate 10:1) gave solid 56e contaminated 
with BugSnBr. Washing with hexanes and recrystallization from n-hexane gave pure 56e (42 
mg, 45%) as colorless needles: mp 133-134 ;^ MS m/z 304 (M+);lH NMR (CDCI3) 6 2.60 (s, 
6H), 7.31 (d, J = 8.3 Hz, 4H), 7.66 (s, 2H), 7.90 (d, J = 8.3 Hz, 4H); ^^c NMR 6 26.36, 
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125.20, 128.55, 128.61, 136.19, 136.67，141.70, 197.25. Anal. Calcd. for 02(^ 1^ 03： C, 
79.93; H, 5.30. Found: C, 79.80; H, 5.04. 
(c) 3,4.Bis(/?-nitrophenyl)furan (56f) (Table 4，Entry 6) was synthesized from 47 
(200 mg, 0.3 mmol), p-nitrophenyl bromide (178 mg, 0.68 mmol) and tetrakis(triphenyl 
phosphine)palladium (28 mg, 0.02 mmol) in HMPA (0.2 mL) after heating at SOC for 24 h. 
Chromatography on silica gel (20 g, hexanes:ethyl acetate 6:1) gave 56f as white solids 
contaminated with BusSnBr. Washing with hexanes and recrystallization from methanol gave 
pure 56f (82 mg, 85%) as colorless cubics: mp 191-193 ;^ MS m/z 310 (M+); ^H NMR 
(CDCI3) 6 7.37 (d, J = 8.8 Hz, 4H), 7.73 (s, 2H), 8.19 (d, J = 8.8 Hz, 4H); ^^c NMR 
(CDCI3) 6 124.07, 127.97, 129.10, 138.18，142.48, 147.43. Anal. Calcd. for C16H10O5N2: 
C, 61.94; H, 3.25; N, 9.03. Found: C, 61.69; H, 3.25; N, 8.70. 
General Procedure for the Coupling of Aryl Iodides (Table 4，Entries 7-11) 
(a)3,4-Diphenylfuran (56d) (Table 4，Entry 7). A mixture of 47 (200 mg, 0.3 mmol), 
iodobenzene (138 mg, 0.68 mmol), bis(triphenylphosphine)palladium chloride (17 mg, 0.02 
mmol) in DMF (0.2 mL) was heated at 65'C for 24 h. After being cooled to room temperature, 
the mixture was diluted with ether (30 mL) and stirred vigorously with 50% aqueous KF 
solution for 15 min. The water layer was extracted with ether (2x20 mL). The combined 
ethereal layer was washed with water (10 mL), dried over MgS04 and evaporated. The crude 
product was purified by flash chromatography on silica gel (20 g, hexanes) to afford compound 
56d (8 mg, 12%) which was identical spectrometrically to an authentic sample prepared 
previously. 
(b) 3,4-Diphenylfuran (56d) (Table 4，Entry 8) was also prepared from 47 (200 mg, 
0.3 mmol), iodobenzene (138 mg, 0.68 mmol), tetrakis(triphenylphosphine)palladium (17 mg, 
0.02 mmol) in DMF (0.2 mL) after heating at 65X： for 24 h. Compound 56d (8 mg, 12%) was 
identical spectrometrically to an authentic sample prepared previously. 
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(c) 3,4-Diphenylfuran (56d) (Table 4，Entry 9). Compound 47 (97 mg, 0.15 mmol), 
iodobenzene (72 mg, 0.35 mmol) and bis(triphenylphosphine)palladium chloride (8 mg, 0.01 
mmol), Cul (5 mg, 0.03 mmol) and DMF (0.5 mL) were sequentially added to a Schlenk tube, 
degassed and then heated at 65X： for 10 h. After being cooled to room temperature, the mixture 
was diluted with ether (30 mL) and stirred vigorously with saturated KF solution for 15 min. 
The water layer was extracted with ether (2x20 mL). The combined ethereal layer was washed 
with water (10 mL), dried over MgS04 and evaporated. Flash chromatography on silica gel (20 
g, hexanes) gave pure 56d (18 mg, 55%) which was identical spectrometrically to an authentic 
sample prepared previously. 
(d) 3,4-Bis(/?-tolyl)furan (56g) (Table 4，Entry 10) was prepared from 47 (200 mg, 
0.3 mmol), p-iodotoluene (154 mg, 0.71 mmol), Cul (14 mg, 0.068 mmol) and 
bis(triphenylphosphine)palladium chloride (24 mg, 0.03 mmol) in DMF (0.2 mL) after heating 
at 65'C for 10 h under nitrogen. Flash chromatography on silica gel (20 g, hexanes) gave 56g 
(35 mg, 45%) which was recrystallized from methanol to afford colorless needles: mp 105-
107尤（lit.126 mp 106-107SC); ^H NMR (CDCI3) 6 2.33 (s, 6H), 7.11 (m, 8H), 7.51 (s, 2H); 
13CNMR(CDC13)S 21.11，125.99, 128.46, 129.09，129.33，136.64，140.45. 
(e) 3,4-Diphenylfuran (56d) (Entry 11). Compound 47 (100 mg, 0.16 mmol), 
iodobenzene (73 mg, 0.36 mmol), allylpalladium chloride dimer (6.6 mg, 0.02 mmol) and DMF 
(0.5 mL) were heated at 65'C for 2 h under nitrogen. Flash chromatography on silica gel (20 g, 
hexanes) gave pure 56d (22 mg, 65%) which was identical spectrometrically to an authentic 
sample prepared previously. 
General Procedure for the Coupling of Vinyl Bromides (Table 4，Entries 12 and 
13) 
(a) 3,4-Bis[(£:)-styryl]furan (56h) (Table 4，Entry 12). A mixture of 47 (190 mg, 
0.29 mmol), (£:)-p-bromostyrene (125 mg, 0.68 mmol), allylpalladium chloride dimer (9 mg, 
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0.01 mmol) and HMPA (0.3 mL) in a Schlenk tube was degassed with nitrogen and stirred at 
room temperature for 1 h. The usual workup and chromatography on silica gel (20 g, hexanes) 
gave 56h (54 mg, 69%) as a yellow solid: mp 77-79SC; MS m/z 272 (M+); ^ H NMR (CDCI3) 6 
6.88 (d,7= 16.3 Hz, 2H), 6.99 (d,/= 16.3 Hz, 2H), 7.24 (br.tt,/= 1.4, 1.4，6.2, 6.2 Hz, 
2H), 7.34 (br.tt, / = 1.8，1.8，7.3，7.3 Hz, 4H), 7.43-7.48 (m, 4H), 7.58 (s, NMR 
(CDCI3) 6 118.11, 123.36, 126.30, 127.58, 128.69, 130.38，137.41, 140.64; high resolution 
MS: 272.1161, C20H16O Calcd. 272.1197. 
(b)3,4-Bis[(Z)-l'-inethyl-3'-oxo-but-l'-enyl]furan (56i) (Table 4，Entry 13) was 
prepared from 47 (203 mg, 0.31 mmol), (Z)-4-bromo-3-penten-2-one (110 mg, 0.67 mmol) 
and allylpalladium chloride dimer (9 mg, 0.01 mmol) in DMF (0.4 mL) after heating at 70SC for 
1 h. Chromatography on silica gel (20 g, hexanesrethyl acetate 10:1) gave 56i (60 mg, 79%) as 
an yellowish oil: MS m/z 232 (M+); ^H NMR (CDCI3) 6 2.24 (s, 6H), 2.38 (d, J = 1.2 Hz, 
6H), 6.31 (d, J = 1.2 Hz, 2H), 7.48 (s, 2H); l^c NMR (CDCI3) 6 19.45, 31.92, 125.45, 
127.86，142.12, 145.25, 198.21. Anal. Calcd. for C^^U^^O^: C, 72.39; H, 6.94. Found: C, 
72.07; H, 6.71. 
3,4-Bis[(£:)-styryl]furan (56h) (Table 4，Entry 14). A mixture of 47 (190 mg, 0.29 
mmol), (£>p-iodostyrene (156 mg, 0.68 mmol) and allylpalladium chloride dimer (9 mg, 0.01 
mmol) in DMF (0.3 mL) was heated at 70V for 10 h. Workup and chromatography on silica gel 
(20 g, hexanes) gave compound 56h (37 mg, 47%) which was identical spectrometrically to an 
authentic sample prepared previously. 
3,4-Bis[3'-ethoxycarbonyl-(£:)-prop-2'-en-l'-yI]]furan (56j) (Table 4，Entry 
15). A mixture of 47 (208 mg, 0.32 mmol), ethyl (£>4-bromocrotonate (133 mg, 0.69 mmol) 
and bis(acetonitrile)palladium chloride (6 mg, 0.01 mmol), triphenylphosphine (4 mg, 0.02 
mmol) in DMF (0.4 mL) was heated at 75X： for 2 h. Chromatography on silica gel (20 g, 
hexanesiethyl acetate 10:1) gave 56j contaminated with "BugSnBr，and was removed by adding 
96 
1.0 M n-Bu4NF solution in THF (1 mL). Further chromatography on silica gel (20 g, 
hexanes:ethyl acetate 6:1) gave pure 56j (45 mg, 67%) as an yellowish oil: MS m/z 292 (M+); 
iH NMR (CDCI3) 6 1.28 (1,7=7.2, 7.2 Hz, 6H), 3.24 (dd, J = 1.7，6.3 Hz, 4H), 4.19 (q，/ = 
7.2，7.2，7.2 Hz, 4H), 5.80 (dt, J = 1.7, 1.7，15.6 Hz, 2H), 7.02 (dt, / = 6.3，6.3, 15.6 Hz, 
2H), 7.24 (s, 2H); l^c NMR (CDCI3) 6 14.14, 26.13, 60.22, 120.61, 122.61, 140.69, 
145.62, 166.18. Anal. Calcd. for C16H20O5: C, 65.74; H, 6.90. Found: C, 65.44; H, 6.95. 
3,4-Dibenzylfuran (56k) (Table 4，Entry 16). A mixture of 47 (195 mg, 0.30 mmol), 
benzyl bromide (113 mg, 0.66 mmol), tetrakis(triphenylphosphine)palladium (28 mg, 0.02 
mmol) and HMPA (0.2 mL) was heated at 65^ for 20 h. Workup and chromatography on silica 
gel (20 g, hexanes) gave 56k (35 mg, 45%) as white solids: mp 37-39SC; MS m/z 248 (M+); ^H 
NMR (CDCI3) 6 3.58 (s, 4H), 7.10 (s, 2H), 7.12 (dd, J = 1.7, 8.3 Hz, 4H)，7.20-7.29 (m, 
6H); 13c NMR (CDCI3) 6 29.90, 124.15, 126.12, 128.35, 128.58, 139.75, 140.82. Anal. 
Calcd. for C18H16O: C, 87.06; H, 6.50. Found: C, 86.58; H, 6.50. 
3,4-DibenzyIfuran (56k) (Table 4，Entry 17). A mixture of 47 (195 mg, 0.30 mmol), 
benzyl chloride (167 mg, 0.66 mmol), tetrakis(triphenylphosphine)palladium (28 mg, 0.02 
mmol) and DMF (0.2 mL) was heated at 100^ for 12 h. Chromatography on silica gel (20 g, 
hexanes) gave pure 56k (52 mg, 70%) which was identical spectrometrically to an authentic 
sample prepared previously. 
3,4-Dibenzoylfuran (57). A suspension of 47 (150 mg, 0.23 mmol), benzoyl chloride (70 
|i.L, 0.46 mmol) and bis(triphenylphosphine)palladium chloride (16 mg, 0.02 mmol) in toluene 
(1 mL) was heated in a sealed tube at 100^ for 32 h. Chromatography on silica gel (20 g, 
hexanes:ethyl acetate 4:1) gave 57 (13 mg, 20%) as white solids which was recrystallized from 
«-hexane to give colorless needles: mp 125-126^ (lit. 127 mp 126^); MS m/z 276 (M+); ^H 
NMR (CDCI3) 6 7.40 (br.t, J = 7.4，7.4 Hz, 4H), 7.54 (tt, J = 2.1, 2.1’ 7.4, 7.4 Hz, 2H), 
7.78-7.83 (m, 4H), 7.87 (s, 2H); l^C NMR (CDCy 5 126.63, 128.48, 129.04, 132.96, 
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138.08，146.81，188.51. 
General Procedure for Carbonylation Reaction 
(a) 3,4-Dibenzoylfuran (57). A mixture of 47 (150 mg, 0.23 mmol), iodobenzene (114 
mg, 0.56 mmol), bis(triphenylphosphine)palladium chloride (16 mg, 0.02 mmol) in THF (1 
mL) was placed in a Schlenk tube under CO atmosphere and then pressurized to 30 psi. The 
mixture was heated at 55^ for 3 d. The remaining CO was released and the mixture was diluted 
with ether (20 mL), stirred vigorously with 50% aqueous KF solution for 15 min. The water 
layer was extracted with ether (2x20 mL). The combined organic layer was dried (MgS04)， 
evaporated and chromatographed on silica gel (20 g, hexanesrethyl acetate 4:1) to give 57 (51 
mg, 80%) as white solids which was identical spectrometrically to an authentic sample prepared 
previously. 
(b) Benzyl furan-3-yl ketone (61a) (Table 5，Entry 1). Compound 48 (100 mg, 0.28 
mmol), benzyl bromide (49 mg, 0.29 mmol), bis(triphenylphosphine)palladium chloride (8 mg, 
0.01 mmol) in THF (2 mL) were heated at 50X： under CO (30 psi) for 2 d to give after 
chromatography on silica gel (20 g, hexanesrethyl acetate 10:1) 61a (42 mg, 82%) as white 
solids: mp 49-51SC; MS m/z 186 (M+); ^H NMR (CDCI3) 6 4.02 (s, 2H), 6.76 (t, J = 0.7，0.7 
Hz, IH), 7.24-7.32 (m, 5 H), 7.40 (m, IH), 8.00 (d, J = 0.73 Hz, IH). Anal. Calcd. for 
C12H10O2： C, 77.40; H, 5.41. Found: C, 77.31; H, 5.35. 
(c) Furan-3-yl (£:)-styryl ketone (61b) and bis(furan-3-yl) ketone (61i) (Table 5, 
Entry 2). A mixture of 48 (100 mg, 0.28 mmol), (£)-p-iodostyrene (60 mg, 0.26 mmol), 
tetrakis(triphenylphosphine)palladium (17 mg, 0.02 mmol) in THF (2 mL) was heated at 50X： 
under CO (30 psi) for 1 d to give, after chromatography on silica gel (20 g, hexanes:ethyl acetate 
10:1)，a mixture of 61b (16 mg, 40 %) and 61i (12 mg, 20%). They were separated by 
sublimation. Compound 61i sublimed at 56'C/O.Ol mmHg to give colorless flakes: mp 132-
134SC; MS m/z 162 (M+); ^HNMR (CDCI3) 8 6.88 (dd, J = 0.6, 1.0 Hz, IH), 7.51 (t,/= 1.6, 
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1.6 Hz, IH), 8.03 (m, IH). Anal. Calcd. for C9H6O3: C, 66.66; H, 3.73. Found: C, 66.76; 
H, 3.97. 
Compound 61b sublimed at lOOSC/0.01 mmHg to give colorless crystals: mp 102-
104T：; MS m/z 198 (M+); ^H NMR (CDCI3) 6 6.91 (dd, J = 0.8, 1.0 Hz, IH), 7.17 (d, J = 
15.6 Hz, IH), 7.40-7.43 (m, 3 H), 7.50 (br.t, / = 1.2，1.2 Hz, IH), 7.61-7.63 (m, 2H), 7.81 
(d,/= 15.6 Hz, IH), 8.16 (s, IH). Anal. Calcd. for C13H10O2： C, 78.77; H, 5.08. Found: 
C, 78.39; H, 5.10. 
(d) Furan-3-yl (£:)-hept-l-enyl ketone (61c) (Table 5，Entry 3). A mixture of 48 
(100 mg, 0.28 mmol), (£：)-!-iodo-l-heptene (63 mg, 0.28 mmol), bis(triphenyl 
phosphine)palladium chloride (8 mg, 0.01 mmol) in THF (2 mL) was heated at 55-60尤 under 
CO (30 psi) for 1,5 d. Chromatography on silica gel (20 g, hexanes:ethyl acetate 10:1) gave 
61c (28 mg, 52%) as a colorless oil: MS m/z 192 (M+); ^H NMR (CDCI3) 6 0.90 (t, J = 6.7， 
6.7 Hz, 3 H), 1.29-1.36 (m, 4H), 1.51 (quintet,/= 7.1, 7.1’ 7.1’ 7.1 Hz, 2H), 2.27 (dq, J = 
1.4，7.1，7.1，7.1 Hz, 2H), 6.55 (dt, J = 1.5’ 1.5, 15.3 Hz, IH), 6.84 (d, 7 = 1.6 Hz, IH), 
7.06 (dt, J = 7.0, 7.0, 15.3 Hz, IH), 7.45 (t, J = 1.6，1.6 Hz, IH), 8.05 (s, IH); high 
resolution MS: 192.1148, C12H16O2 Calcd. 192.1146. 
(e) Furan-3-yl 4-/^r/-butyl-cyclohex-l-enyl ketone (61d) (Table 5, Entry 4). A 
mixture of 48 (140 mg, 0.39 mmol), 4-rm-butylcyclohex-1 -enyl triflate (94 mg, 0.39 mmol), 
Pd2(dba)3 (3 mg, 0.003 mmol), tris(furan-2-yl)phosphine (3 mg, 0.01 mmol) in DMF (2 mL) 
was heated at 60^ under CO (30 psi) for 3 d. Chromatography on silica gel (20 g, 
hexanesrethyl acetate 10:1) gave 61d (40 mg, 44%) as white solids: mp 69-7 l^C; MS m/z 232 
(M+); iR NMR (CDCI3) 6 0.91 (s, 9 H), 1.19 (td，/=4.9’ 12.0, 12.0 Hz, IH), 1.34 (tdd,7 = 
1.9，4.9，12.0, 12.0 Hz, IH) 1-93-2.30 (m，4H), 2.66 (dt, J = 2.5, 2.5, 15.0 Hz, IH), 6.76 
(dd, J = 0.6，1.6 Hz, IH), 6.81 (q, J = 2.5, 2.5, 2.5 Hz, IH), 7.43 (t, / = 1.6，1.6 Hz, IH), 
7.82 (dd, J = 0.6，1.6 Hz, IH). Anal. Calcd. for C15H20O2： C, 77.55; H, 8.68. Found: C, 
77.73; H, 8.89. 
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(f) Methyl o-(3'-furoyl)benzoate (61e) (Table 5，Entry 5). A mixture of 48 (200 mg, 
0.56 mmol), methyl c>-iodo-benzoate (158 mg, 0.6 mmol), bis(triphenylphosphine)palladium 
chloride (16 mg, 0.023 mmol) in THF (4 mL) was heated at 55^ under CO (30 psi) for 3 d. 
Chromatography on silica gel (20 g, hexanesrethyl acetate 6:1) gave 61e (106 mg, 85%) as 
white solids: mp 33-33.5尤;MS m/z 230 (M+); ^H NMR (CDCI3) 5 3.73 (s, 3 H), 6.85 (dd, J 
=0.7, 1.8 Hz, IH), 7.42-7.62 (m, 5H), 7.98 (dd, J = 1.3，8.8 Hz, IH). Anal. Calcd. for 
C13H10O4： C, 67.82; H, 4.38. Found: C, 67.66; H, 4.11. 
(g) 3-Benzoylfuran (51a) (Table 5, Ent ry 6) was obtained as white solids (58 mg, 60%) 
from the carbonylation of 48 (200 mg, 0.56 mmol), iodobenzene (122 mg, 0.60 mmol), 
bis(triphenylphosphine)palladium chloride (16 mg, 0.023 mmol) in THF (4 mL) at 55^ under 
CO for 3 d, which was identical spectrometrically to an authentic sample prepared previously. 
(h) Furan-3-yI 3-methyI-but-2-enyl ketone or egomaketone^^ (61f) (Table 5， 
Entry 7). A mixture of 48 (0.102 g, 0.29 mmol), 4-bromo-2-methyl-2-butene (45 mg, 0.30 
mmol), tetrakis(triphenylphosphine)palladium (14 mg，0.01 mmol) in THF (2 mL) was heated at 
55X： under CO (30 psi) for 1.5 d. Chromatography on silica gel (20 g，hexanesrethyl acetate 
10:1) gave 6 I f (31 mg, 66%) as a colorless oil: MS m/z 164 (M+); ^ H NMR (CDCI3) 6 1.68 (s, 
3H), 1.76 (d,/= 1.1 Hz, 3H), 3.46 (d, /= 7.1 Hz, 2H), 5.38 (t of quintet,/= 1.4, 1.4，1.4, 
1.4，7.1，7.1 Hz, IH), 6.75 (dd, / = 0.7, 1.8 Hz, IH), 7.42 (t, / 二 1.6，1.6 Hz, IH), 8.04 
(dd,y=0.7, 1.3 Hz, IH). 
(i) Ethyl (£)-4-(3'-furoyl)-but-2-enoate (61g) and ethyl (£:)-4-(3'-furoyl)-but-3-
enoate (61h) (Table 5，Entry 8). A mixture of 48 (100 mg, 0.28 mmol), ethyl (£)-4-
bromo-crotonate (56 mg, 0.29 mmol), bis(triphenylphosphine)palladium chloride (7 mg, 0.01 
mmol) in THF (2 mL) was heated at 60X： under CO (30 psi) for 1 d. An inseparable isomeric 
mixture of61g and61h (18 mg, 50%) in a ratio of 1 to 1.3 was obtained after chromatography 
on silica gel (20 g, hexanesrethyl acetate 8:1) as a colorless oil: MS m/z 208 (M+); ^H NMR 
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(CDCI3) 61g: 5 1.28 (t, •/二 7.0，7.0 Hz, 3H), 3.67 (dd, / = 1.5, 7 Hz, 2H), 4.20 (q, / = 7.0, 
7.0’ 7.0 Hz, 2H), 5.97 (d,/= 15.7 Hz, IH), 6.84 (dd, J = 0.7, 1.8 Hz, IH), 7.07 (dt, / = 
7.0，7.0, 15.7 Hz, IH), 7.46 ( t ,/= 1.7’ 1.7 Hz, IH), 8.08 (d,/= 1.1 Hz, IH). 61h: 6 1.28 
(t,y=7.0, 7.0 Hz, 3H), 3.31 (dd, J = 1.5, 7.2 Hz, 2H), 4.20 (q，/ = 7.0, 7.0’ 7.0 Hz, 2H), 
6.64 (d,/= 15.4 Hz, IH), 6.78 (dd’ / = 0.8，1.9 Hz, IH), 7.22 (dt, / = 7.25, 7.25, 15.4 Hz, 
IH), 7.46 (t, J= 1.7, 1.7 Hz, IH), 8.07 (d, J = 0.7 Hz, IH); high resolution MS: 208.0712, 
C11H12O4 Calcd. 208.0732. 
General Prcedure for Preparation of 3-(Tri-/i-butylstannyl)-4-substituted Furans 
64a-64i (Table 6，Entries 1-13) 
(a) 3-MethyI-4-(tri-/i.butyIstannyl)furan (64a) (Table 6，Entry 1). To a solution of 
47 (250 mg, 0.39 mmol) in THF (5 mL) was added dropwise 1.5 M n-butyllithium (0.6 mL, 
0.9 mmol). After the addition, the reaction was followed by reverse-phase TLC 
(dichloromethaneiacetonitrile 1.75:3) until 47 disappeared. Then a mixture of dimethylsulfate 
(0.14 mL, 1.5 mmol) and DMPU (0.12 mL, 0.99 mmol) was added. After 1 h at -78^, it was 
warmed to room temperature, quenched with saturated aqueous ammonium chloride (5 mL), 
extracted with ether (3x20 mL), dried (MgS04)，evaporated and purified by chromatography on 
neutral alumina (grade II-III, 30 g, hexanes) to give 64a (93 mg, 65%) as a colorless oil. MS 
m/z 315 (M+-C4H8); iH NMR (CDCI3) 5 0.89 (t, J == 7.2，7.2 Hz, 9H), 1.02 (t, 8.1’ 8.1 
Hz, 6H), 1.32 (sextet, J 二 7.2，7.2, 7.2’ 7.2，7.2 Hz, 6H), 1.48-1.55 (m, 6H), 2.02 (d, J = 
I.0 Hz, 3H), 7.11 (d，/ = 1.0 Hz, IH), 7.29 (d, 1.0 Hz, IH); i^C NMR (CDCI3) 6 9.76， 
II.53, 13.57, 27.25, 29.20, 117.16’ 124.80’ 139.25, 147.55. Anal. Calcd. for Ci7H320Sn: 
C, 55.01; H, 8.69. Found: C, 55.27; H, 8,69. 
(b) 3-Methyl-4-(tri-n-butylstannyl)furan (64a) (Table 6，Entry 2). Reaction of 47 
(195 mg, 0.30 mmol) in THF (4 mL) with n-butyllithium (0.48 mL, 0.72 mmol), followed by 
addition of dimethylsulfate (0.08 mL, 0.9 mmol) gave 64a (40 mg, 36%) which was identical 
spectrometrically to an authentic sample prepared previously. 
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(c) 3-Forinyl-4-(tri-n-butylstannyl)furan (64b) (Table 6，Entry 3). Reaction of 47 
(213 mg, 0.33 mmol) in THF (4 mL) with n-butyllithium (0.5 mL, 0.8 mmol), followed by 
addition of DMF (0.07 mL, 0.9 mmol) and DMPU (0.09 mL, 0.07 mmol) gave, after 
chromatography on neutral alumina (grade 11-111，30 g, hexanesiethyl acetate 30:1), pure 64b 
(109 mg, 86%) as a colorless oil. MS m/z 329 (M+-C4H8); ^H NMR (CDCI3) 6 0.79 (t, J = 
7.3, 7.3 Hz, 9H), 1.00 ( t ,/= 8.1，8.1 Hz, 6H), 1.20 (sextet,/= 7.3, 7.3, 7.3, 7.3, 7.3 Hz, 
6H), 1.40-1.50 (m, 6H), 7.14 (s, IH), 8.08 (t, J = 0.8’ 0.8 Hz, IH), 9.89 (s, IH); ^^C NMR 
(CDCI3): 6 10.27, 13.49, 27.12, 29.05, 113.43, 133.75, 149.26, 152.60, 185.11. Anal. 
Calcd. for Ci7H3o02Sn: C, 53.02; H, 7.85. Found: C, 53.02; H, 7.77. 
(d) 3-FormyI-4-(tri-n-butylstannyl)furan (64b) (Table 6，Entry 4). Compound 47 
(230 mg, 0.36 mmol) in THF (4 mL) with added TMEDA (0.12 mL, 0.79 mmol) reacted with 
n-butyllithium (0.5 mL, 0.75 mmol) followed by addition of DMF (0.07 mL, 0.9 mmol) to give 
64b (94 mg, 69%) which was identical spectrometrically to an authentic sample prepared 
previously. 
(e) 3-Formyl-4-(tri.M-butylstannyl)furan (64b) (Table 6，Entry 5). Compound 47 
(200 mg, 0.31 mmol) in THF (4 mL) reacted with "-butyllithium (0.45 mL, 0.68 mmol) and 
then DMF (0.06 mL, 0.8 mmol) to give 64b (69 mg, 58%) which was identical 
spectrometrically to an authentic sample prepared previously. 
(f) 3-Propanoyl-4-(tri-w-butylstannyl)furan (64c) (Table 6，Entry 6) was prepared 
from the reaction of 47 (198 mg, 0.31 mmol) in THF (4 mL), n-butyllithium (0.45 mL, 0.68 
mmol), N,N-dimethyl propanamide (95 mg, 0.94 mmol) and DMPU (0.09 mL, 0.7 mmol). 
Chromatography on neutral alumina (grade II-III’ 30 g, hexanesiethyl acetate 30:1) gave 64c 
(80 mg, 63%) as a colorless oil: MS m/z 357 (M+-C4H8); ^ H NMR (CDCI3) 6 0.86 (t, J = 7.2, 
7.2 Hz, 9H), 1.04 (t,7= 8.1, 8.1 Hz, 6H), 1.19 (t, 7=7.4, 7.4 Hz, 3H), 1.32 (quintet, J = 
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7.2, 7.2, 7.2’ 7.2 Hz, 6H), 1.40-1.50 (m, 6H), 2.77 (q,/=7.4, 7.4, 7.4 Hz, 2H), 7.18 (d, J 
=1.5 Hz, IH), 8.14 (d,/= 1.5 Hz, IH); ^^C NMR (CDCI3) 5 8.80，10.40, 13.57, 27.18, 
29.20，33.10，115.50, 131.91, 147.73，148.81，196.33. Anal. Calcd. for CigHgAC^Sn: C, 
55.23; H, 8.29. Found: C, 55.23; H, 8.08. 
(g) 3-(l',l'-Dimethyl-l'-hydroxymethyl)-4-(tri-n-butylstannyl)furan (64d) 
(Table 6，Entry 7). Reaction of 47 (0.62 g，0.96 mmol) in THF (8 mL), n-butyllithium 
(1.35 mL, 2.0 mmol), acetone (0.5 ml, 7 mmol) and DMPU (0.2 mL, 0.8 mmol) gave, after 
chromatography on neutral alumina (grade II-III, 30 g, hexanesrethyl acetate 10:1)，64d (234 
mg, 60%) as a colorless oil: MS m/z 341 (M+-C4H8，-H2O); ^H NMR (CDCI3) 6 0.87 (t, J = 
7.1, 7.1 Hz, 9H), 1.03 (t,/= 8.0’ 8.0 Hz, 6H), 1.32 (sextet,/= 7.1, 7.1, 7.1’ 7.1，7.1 Hz, 
6H), 1.45-1.56 (m, 12H), 7.13 (d, J = 1.3 Hz, IH), 7.38 (d, J = 1.3 Hz, IH); i^c NMR 
(CDCI3) 6 10.77, 13.58, 27.31, 29.13, 31.86, 69.24, 113.83, 137.50, 139.02, 148.20. Anal. 
Calcd. for Ci9H3602Sn: C, 54.97; H, 8.74. Found: C, 55.19; H, 8.59. 
(h) 3-(l'-HydroxybenzyI)-4-(tri-w-butylstannyl)furan (64e) (Table 6，Entry 8). 
Reaction of 47 (0.65 g, 1.0 mmol) in THF (8 mL), rt-butyllithium (1.40 mL, 2.1 mmol), 
benzaldehyde (0.5 ml, 4.9 mmol) and DMPU (0.2 mL, 0.8 mmol) gave, after workup and 
chromatography on neutral alumina (grade II-IH, 30 g, hexanesrethyl acetate 20:1), 64e (350 
mg, 75%) as a colorless oil: MS m/z 407 (M+-C4H8); ^H NMR (CDCI3) 5 0.88 (q, J = 7.4, 
7.4，7.4 Hz, 15H), 1.25 (sextet, J = 7.2, 7.2, 7.2, 7.2, 7.2 Hz, 6H), 1.46 (quintet, / = 7.5, 
7.5，7.5，7.5 Hz, 6H), 2.03 (br.s, IH), 5.67 (s, IH), 7.15 (d,/= 1.3 Hz, IH), 7.21 (dd, J = 
0.7，1.3 Hz, IH), 7.23-7.36 (m, 5H); i^c NMR (CDCI3) 6 9.98, 13.56, 27.21, 29.09, 70.91, 
114.85, 126.84, 127.83, 128.40, 133.97，140.67，143.12, 148.36. Anal. Calcd. for 
C23H3602Sn: C, 59.64; H, 7.83. Found: C, 59.89; H, 7.72. 
(i) 3-(l%l'-Diphenyl-l'-hydroxymethyl)-4-(tri-/i-butylstannyl)furan (64f) (Table 
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6, Entry 9). Reaction of 47 (200 mg, 0.31 mmol) in THF (4 mL), n-butyllithium (0.48 mL, 
0.72 mmol), benzophenone (138 mg, 0.76 mmol) and DMPU (0.09 mL, 0.7 mmol) gave, after 
careful chromatography on neutral alumina (grade H-III, 40 g, hexanesrethyl acetate 50:1), 64f 
(132 mg, 79%) as a colorless oil: MS m/z 483 (M+-C4H8); ^H NMR (CDCI3) 6 0.64 (t, / = 8.1， 
8.1 Hz, 6H), 0.76 (t, J = 7.1’ 7.1 Hz, 9H), 1.10-1.30 (m, 12H), 2.52 (s, IH), 6.75 (d, J = 
1.3 Hz, IH), 7.14 (d, J = 1.3 Hz, IH), 7.15-7.22 (m, lOH); ^^C NMR (CDCI3) 5 10.30, 
13.57, 27.24, 29.02, 76.50，78.09，115.56, 127.29, 127.91, 137.29, 142.45, 146.80， 
148.78. Anal. Calcd. for C29H4o02Sn: C, 64.58; H, 7.48. Found: C, 64.94; H, 7.46. 
(j) 3-Methyl-4-(tri-ii-butylstannyl)furan (64a) (Table 6，Entry 10). Reaction of 47 
(200 mg, 0.31 mmol) in THF (4 mL), n-butyllithium (0.48 mL, 0.72 mmol), methyl iodide 
(0.05 mL, 0.8 mmol) and DMPU (0.09 mL, 0.7 mmol) gave 64a (32 mg, 28%) as a colorless 
oil which was identical spectrometrically to an authentic sample prepared previously. 
(k) 3-Hydroxymethyl-4-(tri-w-butylstannyl)furan (64g) (Table 6，Entry 11). 
After n-butyllithium (1.2 mL, 1.8 mmol) was added to a solution of 47 (535 mg, 0.83 mmol) in 
THF (10 mL) at -78SC, the resulting solution was stirred at -7SX： for 1 h. Gaseous 
formaldehyde, produced by heating solid paraformaldehyde (300 mg, 10 mmol), was introduced 
into the reaction flask by a slow stream of nitrogen. The solution turned yellow in color and 
then turned milky. DMPU (0.2 mL, 0.8 mmol) was added and the mixture was stirred at room 
temperature for 1 h. Workup and chromatography on neural alumina (grade II-III，30 g, 
hexanesiethyl acetate 6:1) gave 64g (62 mg, 19%) as a colorless oil: MS m/z 387 (M+); ^H 
NMR (CDCI3) 5 0.80 (t,/=7.2, 7.2 Hz, 9H), 0.96 (t，/= 8.1, 8.1 Hz, 6H), 1.24 (sextet, J = 
7.2，7.2, 7.2, 7.2, 12 Hz, 6H), 1.38-1.48 (m, 6H), 1.83 (br.s, IH), 4.40 (d, J = 4.0 Hz, 
2H), 7.08 (d, y = 1.1 Hz, IH), 7.40 (d, J = 1.1 Hz, IH); ^^C NMR (CDCI3) 5 9.88, 13.47, 
27.63，29.07，57.99, 114.96，130.43，139.97, 148.11. Anal. Calcd. for Ci7H3202Sn: C, 
52.74; H, 8.33. Found: C, 52.59; H, 8.39. 
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(1) 3-(l'-Hydroxycyclohex-2'-en-l'-yl)-4.(tri-ii-butylstannyl)furan (64h) (Table 
6，Entry 12). Reaction of 47 (225 mg, 0.35 mmol) in THF (4 mL), n-butyllithium (0.5 mL, 
0.8 mmol), 2-cyclohexenone (0.1 mL, 1 mmol) and DMPU (0.1 mL, 0.8 mmol) gave, after 
chromatography on neutral alumina (grade II-III, 30 g, hexanesxthyl acetate 20:1), 64h (100 
mg, 63%) as a colorless oil: MS m/z 435 (M+-H2O); ^ H NMR (CDCI3) 6 0.89 (t, J = 7.2, 7.2 
Hz, 9H), 1.01 (t,/= 8.1, 8.1 Hz, 6H), 1.32 (sextet, 7= 7.2, 7.2，7.2, 7.2, 7.2 Hz, 6H), 1.50 
(m, 6H), 1.60-1.90 (m, 5H), 2.05 (br.s, IH), 5.72 (d, J = 10.0 Hz, IH), 5.85 (dt, J = 3.5, 
3.5, 10.0 Hz, IH), 7.14 (d,/= 1.4 Hz, IH), 7.33 (d,/= 1.4 Hz, IH); l^C NMR (CDCI3) 5 
10.80, 13.55, 19.16，24.90，27.30, 29.12, 38.28，68.92，113.71, 129.44, 132.86, 137.26, 
139.22，148.34. Anal. Calcd. for C22H3802Sn: C, 58.30; H, 8.45. Found: C, 58.56; H, 
8.51. 
(m) 3-(3'-Hydroxy-4'-cholesten-3'-yl)-4-(tri-n-butylstannyl)furan (64i) (Table 
6，Entry 13). Reaction of 47 (224 mg, 0.35 mmol) in THF (4 mL) with n-butyllithium (0.5 
mL, 0.8 mmol), 4-cholesten-3-one (355 mg, 0.92 mmol) and DMPU (0.1 mL, 0.8 mmol) 
followed by chromatography on neutral alumina (Grade H, 30 g, hexanesrethyl acetate 100:1) 
gave 64i (139 mg, 44%) as a colorless oil. ^H NMR (CDCI3) 5 0.60-1.74 (m, 71H), 5.21 (s, 
IH), 7.08 (s，IH), 7.15 (s, IH); i^c NMR (CDCI3) 6 1.00，10.80, 12.04，13.63, 18.72’ 
21.25, 22.56, 22.78，23.92，24.28, 24.28. 27.36, 28.03, 28.23, 29.18, 32.37, 33.50, 34.52, 
34.63，35.83, 36.15，36.26, 37.41, 39.59, 39.92, 42.60，54.94, 56.24, 56.36, 70.47, 
113.84，125.16, 136.24, 140.15, 146.90，148.56; 
Destannylation of 64i was carried out by adsorbing 64i onto silica gel (1 g) followed by 
column chromatography on silica gel (10 g, hexanesrethyl acetate 20:1) to afford destannylated 
product: high resolution MS: 452.3579, C31H48O2 Calcd. 452.3642. 
General Procedure for the Preparation of 66a-66e (Table 7, Entries 1-5) 
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(a) 3-Methyl-4-(phenanthr.9'-yl)furan (66a) (Table 7, Entry 1). Compound 64a 
(54 mg, 0.15 mmol), 9-bromophenanthrene (39 mg, 0.15 mmol), DMF (1 mL) and 
tetrakis(triphenylphosphine)palladium (8 mg, 0.007 mmol) were heated at 80SC for 8 h. Then it 
was diluted with ether (25 mL) and stirred vigorously with 50% aqueous KF solution for 15 
min. The water layer was extracted with ether (3x20 mL). The ethereal layer was dried 
(MgS04), evaporated and purified by chromatography on silica gel (20 g, hexanes). 
Recrystallization from methanol gave 66a (13 mg, 35%) as colorless leaflets: mp 123-124尤； 
MS m/z 258 (M+); ^H NMR (CDCI3) 6 1.87 (d, J = 1.0 Hz, 3H), 7.40 (t, / = 1.0, 1.0 Hz, 
IH), 7.53-7.69 (m, 6H), 7.87 (dd, / = 1.4，6.2 Hz, 2H), 8.73 (td, /= 0.6，9.0, 9.0 Hz, 2H); 
13CNMR (CDCI3) 6 8.53, 122.58, 122.86, 125.91, 126.61，126.78，126.89’ 128.54, 139.83, 
140.96. Anal. Calcd. for C19H14O: C, 88.34; H, 5.46. Found: C, 88.39; H, 5.55. 
(b) 3-(l%l'-Dimethyl-l'-hydroxymethyl)-4-[(Z)-l'-methyl-3'-oxo-but-l'-
enyDfuran (66b) (Table 7，Entry 2). Compound 64d (0.18 g, 0.43 mmol), (Z)-4-
bromo-3-penten-2-one (78 mg, 0.55 mmol), allylpalladium chloride dimer (9 mg, 0.02 mmol) in 
DMF (1 mL) were stirred at room temperature for 24 h under nitrogen. Chromatography on 
silica gel (20 g, hexanesrethyl acetate 8:1) gave solid 66b contaminated with a trace of 
汽BugSnBr. Washing with hexanes gave pure 66b (60 mg, 66%) as yellowish solids: m.p. 65-
6 7 ” MS m/z 208 (M+); ^H NMR (CDCI3) 8 1.56 (s, 6H), 2.22 (s, 3H), 2.45 (d, / = 1.1 Hz, 
3H), 6.74 (s, IH), 7.33 (d, J = 1.8 Hz, IH), 7.38 (d, J : 1.8 Hz, IH); i^c NMR (CDCI3) 5 
21.04，30.74, 31.90, 68.69，127.51, 128.64, 131.67, 139.87’ 142.04，146.92’ 198.80. Anal. 
Calcd. for C12H16O3： C, 69.21; H, 7.75. Found: C, 69.51; H, 7.81. 
(c) 3-Benzyl-4-(l'-hydroxybenzyl)furan (66c) (Table 7, Entry 3). Compound 64e 
(156 mg, 0.38 mmol), benzyl bromide (0.06 mL, 0.5 mmol), bis(acetonitrile)palladium chloride 
(4 mg, 0.02 mmol) in DMF (1 mL) were heated at 60尤 for 2 h. Chromatography on silica gel 
(20 g, hexanesiethyl acetate 20:1) gave pure 66c (69 mg, 70%) as a colorless oil: MS m/z 264 
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(M+); iH NMR (CDCI3) § 2.02 (br.s, IH), 3.55 (d, J = 16.0 Hz, IH), 3.64 (d, J = 16.0 Hz, 
IH), 5.53 (s, IH), 7.08-7.32 (m, 12H); i^c NMR (CDCI3) 6 29.97, 69.01, 123.37’ 126.29’ 
126.60, 127.79, 128.40, 128.64, 139.69，141.38, 141.45, 142.47. Anal. Calcd. for 
C18H16O2： C, 81.79; H, 6.10. Found: C, 81.91; H, 6.03. 
(d) 3-(p-Acetylphenyl)-4-(l%l'-diphenyl-l'-hy(lroxyinethyl)furan (66d) (Table 
7，Entry 4). A mixture of 64f (100 mg, 0.19 mmol), p-acetylphenyl bromide (50 mg, 0.25 
mmol), tetrakis(triphenylphosphine)palladium (13 mg, 0.012 mmol) in DMF (1 mL) was heated 
at 75SC for 24 h. Chromatography on silica gel (20 g, hexanes:ethyl acetate 8:1) gave solid 66d 
contaminated with a trace of ^BusSnBr. Washing with hexanes yielded pure 66d (112 mg, 
61%) as yellowish solids: mp 138-140SC; MS m/z 368 (M+); ^H NMR (CDCI3) 6 2.51 (s, 3H), 
2.92 (s, IH), 6.76 (d,/= 1.8 Hz, IH), 7.18-7.33 (m, 12H), 7.52 (d,/= 1.8 Hz, IH), 7.69 
(d, J = 8.3 Hz, 2H); 13C NMR (CDCI3) 8 26.32, 77.50, 125.80, 127.09, 127.38, 127.89, 
127.99, 129.49，131.69, 135.76, 137.52, 142.20, 143.64，145.93, 197.43; high resolution 
MS: 368.1420，C25H20O3 Calcd. 368.1407. 
(e) 3-(l'-Hydroxycyclohex.2'-en-l'-yl)-4-[(£:).styryl]-furan (66e) (Table 7, 
Entry 5). A mixture of 64h (93 mg, 0.21 mmol), (£:)-p-bromostyrene (43 mg, 0.23 mmol), 
DMF (1 mL), HMPA (0.1 mL) and allylpalladium chloride dimer (4 mg, 0.01 mmol) was stirred 
at room temperature for 24 h under nitrogen. Chromatography on silica gel (20 g, hexanesrethyl 
acetate 10:1) provided pure 66e (42 mg, 76%) as a colorless oil: MS m/z 266 (M+); ^H NMR 
(CDCI3) 8 1.60-1.65 (m, 2H), 1.70-1.90 (m, IH)” 1.93-2.13 (m, 4H), 5.84 (d,/= 10.0 Hz, 
IH), 5.96 (dt，/=3.6, 3.6，10.0 Hz, IH), 6.83 (d，/=16.4 Hz, 1H),7.14 (dd，《/ = 0.7, 16.4 
Hz, IH), 7.17-7.36 (m, 4H), 7.43 (d, J=7.1 Hz, IH), 7.62 (d，J = 0.8 Hz, IH); ^^C NMR 
(CDCI3) 6 19.07，25.06’ 37.15，68.74，119.13，123.20, 126.32, 127.33’ 128.62, 129.28, 
130.43，131.96, 137.75, 140.31，140.51; high resolution MS: 266.1336, CigHigC^ Calcd. 
266.1302. 
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3-Benzoyl-4-broinofuran (67). Bromine (20 mL, 0.4 mmol) in THF (2 mL) was added 
dropwise to a stirred solution of 56c (190 mg, 0.41 mmol) in THF (2 mL) at -78^ over 0.5 h. 
The resulting solution was warmed to room temperature over 0.5 h, then diluted with ether (20 
mL), washed consecutively with 5% aqueous sodium thiosulfate solution (5 mL) and brine (5 
mL), dried over MgSO* and evaporated. Chromatography on silica gel (20 g, benzene:ethyl 
acetate 10:1) gave 67 (85 mg, 83%) as a colorless oil: MS m/z 251 (M+); ^H NMR (CDCI3) 5 
7.47 (br.td, J = 1.2, 7.3，7.3 Hz, 2H), 7.55 (d, / = 1.4 Hz, IH), 7.60 (tt, / = 1.4’ 1.4’ 7.2, 
7,2 Hz, IH), 7.76 (d，/ = 1.4 Hz, IH), 7.82-7.86 (dt, J = 1.6, 1.6’ 7.0 Hz, 2H); ^^C NMR 
(CDCI3) 6 100.15, 124.79, 128.49，129.20, 132.90, 138.19, 143.06，148.43, 187.83. Anal. 
Calcd. for CuHiOaBr: C, 52.62; H, 2.81. Found: C, 52.54; H, 2.86. 
3-Iodo-4-(tri-n-butylstannyl)furan (68). To a solution of 47 (208 mg, 0.32 mmol) in 
THF (4 mL) was added a solution of iodine (82 mg, 0.32 mmol) in THF (6 mL) over 20 min at 
room temperature. Instant decoloration was observed at the initial stage and later a yellow color 
persisted. The mixture was concentrated in vacuo and the residue was chromatographed on 
neutral alumina (grade II，20 g, hexanes) to give 68 (123 mg，79%) as a colorless oil: MS m/z 
483 (M+); iH NMR (CDCI3) 6 0.89 (t, J 二 7.2，7.2 Hz, 9H), 1.11 (t, J = 8.1，8.1 Hz, 6H), 
1.37 (sextet, J = 7.2，7.2，7.2, 7.2, 7.2 Hz, 6H), 1.50-1.58 (m, 6H), 7.08 (d, J = 1.5 Hz, 
IH), 7.55 (d,/= 1.5 Hz, IH). Anal. Calcd. for qsHsgOISn: C, 39.71; H，6.25. Found: C, 
40.65; H, 6.38. 
3,4-Diiodofuran (69). A solution of iodine (243 mg, 0.6 mmol) in THF (6 mL) was added 
to a solution of 47 (310 mg, 0.48 mmol) in THF (10 mL) at room temperature over 1.5 h. The 
resulting yellow solution was evaporated and chromatographed on neutral alumina (grade II-III, 
20 g, hexanes) to give 69 (132 mg, 85%) as a colorless oil: MS m/z 320 (M+); ^H NMR 




3-Hy(lroxyinethyl.4-(tri-n-butylstannyl)furan (64g). 1.0 M solution of DIBAH in 
hexanes (5.5 mL, 5.5 mmol) was added dropwise to a stirred solution of 64a (1.0 g, 2.6 mmol) 
in n-hexane (10 mL) at 0尤 over Ih. Wet ether (20 mL) was added gradually, and was followed 
by addition of saturated aqueous ammonium chloride solution (5 mL). After the white 
precipitate was removed by suction filtration, the whole mixture was extracted with ether (3x20 
mL). The ethereal layer was dried (MgSOj) and evaporated. Chromatography on neutral 
alumina (grade III，50 g, hexanesrethyl acetate 10:1) gave 64g (914 mg, 90%) as a colorless oil, 
which was identical spectrometrically to an authentic sample prepared previously. 
3-/^r/-Butyldimethylsiloxymethyl-4-(tri-/i-butylstannyl)furan (70). To a solution 
of 64g (472 mg, 1.22 mmol) in triethylamine (1.0 mL, 7.2 mmol) and pyridine (9 mL) was 
added fm-butyldimethylchlorosilane (276 mg, 1.83 mmol). The resulting solution was stirred at 
room temperature for 4 h. 5% Aqueous potassium bicarbonate solution (5 mL) was added, and 
the mixture was extracted with ether (3x25 mL). The organic layer was dried (MgS04) and 
evaporated. Column chromatography on neutral alumina (grade III, 30 g, hexanesrethyl acetate 
30:1) gave pure 70 (562 mg, 92%) as a colorless oil: MS m/z 444 (M+-C4H9); ^H NMR 
(CDCI3) 5 0.07 (s, 6H), 0.89 (t, 7=7.2, 7.2 Hz, 9H), 0.92 (s, 9H), 1.03 (t,/= 8.1，8.1 Hz, 
6H), 1.32 (sextet, 7=7.2, 7.2, 7.2，7.2，7.2 Hz, 6H), 1.50 (sextet，/ 二 8.0，8.0，8.0, 8.0，8.0 
Hz, 6H), 4.55 (s，2H), 7.13 (d,/= 1.0 Hz, IH), 7.43 (d,/= 1.0 Hz, IH); i^C NMR (CDCI3) 
6 -5.20，9.89, 13.57, 18.50，26.04，27.30’ 29.19，59.21, 114.28，130.86，139.80，147.87. 
Anal. Calcd. for C^sHAsOzSnSi: C, 55.10; H, 9.25. Found: C, 55.27; H, 9.20. 
3-/^r/-Butyldimethylsiloxymethyl-4-propanoylfuran (71). In a sealed tube equipped 
with a magnetic stirring bar were added bis(triphenylphosphine)palladium chloride (11 mg, 0.02 
mmol), 70 (153 mg, 0.31 mmol), propanoyl chloride (40 |iL, 0.46 mmol) and THF (1 mL). 
Then the mixture was heated at lOX： for 20 h. After being cooled to room temperature, the 
mixture was concentrated in vacuo and the residue was chromatographed on silica gel (20 g, 
hexanesiethyl acetate 50:1) to give 71 (57 mg, 70%) as a colorless oil:. MS m/z 268 
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(M+); iR NMR (CDCI3) 8 0.10 (s, 6H), 0.93 (s, 9H), 1.16 (t，/ 二 7.4, 7.4 Hz, 3H), 2.75 (q, 
/= 7.4, 7.4, 7.4 Hz, 2H), 4.87 (t, 7 = 0.7, 0.7 Hz, 2H), 7.40 (dd, /= 0.6, 1.7 Hz, IH), 7.98 
(t, J = 0.9，0.9 Hz, IH); 13c NMR (CDCI3) 6 -5.48’ 8.08，18.30, 25.89, 33.42, 58.53, 
125.08, 126.97, 141.64, 148.11，196.36. Anal. Calcd. for Ci4H24C^Si: C, 62.64; H, 9.01. 
Found: C，63.10; H, 8.82. 
3-(/^r/-Butyldiinethylsiloxyniethyl)-4.(4'-methyl-pent-3'-en-l'-oyI]furan (75). 
A mixture of 70 (214 mg, 0.42 mmol), 3-bromo-l-methyl-2-butene (74 mg, 0.5 mmol), 
tetrakis(triphenylphosphine)palladium (17 mg, 0.02 mmol) in THF (5 mL) under CO (30 psi) 
was heated at 55-60SC for 3 d to give, after workup and chromatography on silica gel (20 g, 
hexanesrethyl acetate 30:1), 75 (103 mg, 80%) as a colorless oil: MS m/z 308 (M+); ^H NMR 
(CDCI3) 6 0.10 (s, 6H), 0.93 (s, 9H), 1.68 (s, 3H)，1.76 (d,/= 1.2 Hz, 3H), 3.44 (dd, / = 
0.8，7.0 Hz, 2H), 4.88 (d,/= 1.7 Hz, 2H), 5.36 (tt, 1,7，1.7，7.0, 7.0 Hz, IH), 7.40 (q, 
J= 1.7，1.7，1.7 Hz, IH), 8.00 (d，/二 1.6 Hz, IH); l^CNMR (CDCI3) 6-5.48, 18.04，18.31’ 
25.60，25.89, 29.68, 40.33, 58.56, 116.31’ 125.02, 127.18, 135.49，141.58, 148.37， 
194.16. Anal. Calcd. for Ci7H2803Si: C, 66.18; H, 9.15. Found: C, 66.33; H, 9.09. 
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Appendix 
1 IH NMR spectrum and i^C NMR spectrum of 47 
2 IH NMR spectrum and 13C NMR spectrum of 48 
3 iH NMR spectrum of 51a and iH NMR spectrum of 51b 
4 IH NMR spectrum of 51c and IH NMR spectrum of 51d 
5 IH NMR spectrum of 51e and IH NMR spectrum of 5 If 
6 IH NMR spectrum of 51g and IH NMR spectrum of 51h 
7 IH NMR spectrum and i^C NMR spectrum of 56a 
8 13C NMR spectrum of 56a in C6D6 and IH NMR spectrum of 55 
9 iH NMR spectrum and i^C NMR spectrum of 56b 
10 iH NMR spectrum and 13C NMR spectrum of 56c 
11 IH NMR spectrum and 13C NMR spectrum of 56d 
12 iH NMR spectrum and i^C NMR spectrum of 56e 
13 IH NMR spectrum and 13C NMR spectrum of 56f 
14 iH NMR spectrum and 13C NMR spectrum of 56g 
15 IH NMR spectrum and i^C NMR spectrum of 56h 
16 iH NMR spectrum and 13C NMR spectrum of 56i 
17 IH NMR spectrum and 13C NMR spectrum of 56j 
18 IH NMR spectrum and 13C NMR spectrum of 56k 
19 IH NMR spectrum and 13C NMR spectrum of 57 
20 IH NMR spectrum and 13C NMR spectrum of 58 
21 iH NMR spectrum and i^c NMR spectrum of 59 
22 IH NMR spectrum of 60 and IH NMR spectrum of 61a 
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23 IH NMR spectrum of 61b and IH NMR spectrum of 61c 
24 IH NMR spectrum of 61d and IH NMR spectrum of 61e 
25 iH NMR spectrum of 61f and IH NMR spectrum of 61g & 61h 
26 IH NMR spectrum of 61i and IH NMR spectrum of 68 
27 iH NMR spectrum of 64a and i^C NMR spectrum of 64a 
28 IH NMR spectrum of 64b and 13C NMR spectrum of 64b 
29 IH NMR spectrum of 64c and i^c NMR spectrum of 64c 
30 iH NMR spectrum of 64d and 13C NMR spectrum of 64d 
31 iH NMR spectrum of 64e and 13C NMR spectrum of 64e 
32 IH NMR spectrum of 64f and 13C NMR spectrum of 64f 
33 IH NMR spectrum of 64g and 13C NMR spectrum of 64g 
34 iH NMR spectrum of 64h and 13C NMR spectrum of 64h 
35 IH NMR spectrum of 64i and i^C NMR spectrum of 64i 
36 iH NMR spectrum of 66a and 13C NMR spectrum of 66a 
37 iH NMR spectrum of 66b and 13C NMR spectrum of 66b 
38 iH NMR spectrum of 66c and i^C NMR spectrum of 66c 
39 iH NMR spectrum of 66d and 13C NMR spectrum of 66d 
40 iH NMR spectrum of 66e and 13C NMR spectrum of 66e 
41 IH NMR spectrum of 67 and 13C NMR spectrum of 67 
42 iH NMR spectrum of 69 and 13C NMR spectrum of 69 
43 IH NMR spectrum of 70 and 13C NMR spectrum of 70 
44 iH NMR spectrum of 71 and i^c NMR spectrum of 71 
45 IH NMR spectrum of 75 and 13C NMR spectrum of 75 
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